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Six pot experiments were conducted at Aligarh (India) during 2000 ar-d 2001 
to test the efficacy of soil-applied nitrogen or phosphorus and leaf-applied -"gibberellic 
acid or kinetin alone and as well as in combination (nutrient x phytohorai^nes) on 
Mentha arvensis L. so as to select their optimum doses. 
Experiment 1 was conducted to study the effect of 5 levels of soil-applied N 
(0, 30, 60, 90 and 120kg N/ha) applied at 70 days after planting (DAP) on (i) growth 
(plant height, root length, leaf area, leaf area ratio, specific leaf area, leaf dry weight, 
specific leaf weight, stem dry weight, aboveground plant dry weight and underground 
plant fresh.dry weights), (ii) physiology (on the basis of chlorophyll content, 
chlorophyll harvest, photosynthetic rate, stomatal conductance, photosyntheljic v/ater 
use efficiency, nutrient (NPK) content and nutrient (NPK) uptake, '^ iii) yield 
characteristics such as leaf number, branch number, leaf yield, stem yiela, hero yield, 
oil content and oil yield of Mentha arvensis L were recorded at 90, 105,120,135 and 
150 days after planting (DAP). Application of 90kg N/ha proved bes*. among the 
doses of nitrogen tested for almost all growth, physiological and yield characteristi-^ s. 
The maximum per cent increase in almost all growth, physiological arid yield 
characteristics studied was observed at 105 DAP. At this stage, an increase of 79, 23 
and 46 per cent in leaf area, specific leaf area and herb yield respectively s^ vas noted 
because of application of 90kg N/ha. 
Experiment 2 was performed to find out a suitable dose of phcsphorjs for 
optimum response of Mentha arvensis L. The applied doses of phosphorjs at 70 DAP 
were 0, 10, 20, 30 and 40kg P/ha. The parameters and timings of sampling were those 
mentioned in Experiment 1. The dose of 30kg P/ha was best in enhancing the 
characteristics studied. The maximum per cent increase in almost all ^owth, 
physiological and yield characteristics was observed at 105 DAP. At this stage, an 
increase of 92, 52 and 66 per cent in leaf area, specific leaf area and herb yield^ 
respectively caused by 30kg P/ha. 
Experiment 3 was conducted to determine the effect of foliar spray of 
gibberellic acid (GA3) at 70 DAP on Mentha arvensis L. The treatments were 10"^ M, 
lO'^ M, 10"^ M GA3 and water spray as control (Wo). The parameters and stages of 
sampling were the same as in Experiments 1 and 2. Among GA3 treatments; 10"^ M 
proved best for most growth, physiological and yield characteristics. Maxin^um per 
cent increase for most parameters recorded at 105 DAP. An increase in leaf area and 
herb yield is given by 10 M GA3 was 26 and 50 per cent respectively. 
Experiment 4 was carried out to assess the effect of foliar spray of kinetin 
treatments at a concentration of lO'^ M, lO'^ M and 10"^ M. Wo was taken as pontrol. 
The spray treatments were given at 70 DAP. The growth, physiological and yield 
characteristics, and stages of sampling were the same as in pervious experiments^ 
'Among Kn treatments, 1 O^^NTprovedbestTor all the'"characteristics studied. 
Like in other experiments, maximum per cent increase for most parameters was noted 
at 105 DAP. At this stage, an increase of 59, 24 and 66 per cent in leaf area, specific 
leaf area and herb yield respectively resulted from application of lO'^ M Kn. 
Experiment 5 was performed to study the interaction e f^a of soil-applied 
nitrogen and leaf-applied GA3 or Kn. The applied rates of nitrogen (selected on the 
basis of Experiment 1) were 0, 60, 90 and 120kg N/ha. GA3 treatments (selected on 
the basis of Experiment 3) were lO'^ M and 10"^ M and Knjreatments (selected on the lent 
basis of Experiment 4) were lO'^ M and 10''M.,(wo)was-tekeH.a:Scontrol. The soil 
applied-nitrogen and foliar treatments of GA3 and Kn were given at 70 DAP. The 
characteristics and stages of sampling wece the same as those studied in earlier Mk experiments. Application of 90kg N/hel ah^lO/GA3 alone proved best for almost all 
characteristics studied. Interaction of 90kg-^^7m-x 10' M GA3 proved superior for 
above ground plant characteristics. However, for undergroimd plant characteristics the 
interactioi/ N90 f 10"'^ M Kn proved best. In this experiment also, maximum ^er cent 
increase for most parameters was recorded at 105 DAP. An increase in l^ jaf arqa and 
herb yield generated by 90kg N/ha x 10"^ M GA3 was 221 and 117 per cent-
respectively at 105 DAP. 
Experiment 6 was conducted to assess the interaction efflrct of soil-eppiied P 
and foliar spray of GA3 and Kn on performance of Mentha arvensis L. The applied 
rates of P (selected on the basis of Experiment 2) were 0, 20, 30 and 40kg PAia. GA3 
treatments (selected on the basis of Experiment 3) were 10"^ M and lO'^ M and.Kn 
6 5 /^H^ 
treatments (selected on the basis of Experiment 4) were 10 M and 10 M J Wo/was 
tsfcsfl/ as .control. The soil and foliar treatments were applied at 70 DAP. The 
characteristics and sampling timings were the saiiie as in earlier experiments. 
Application of 30kg P/ha and lO'^ M GA3 alone gave best results. Interaction of 30kg 
P/ha X 10"^ M GA3 prove best for above ground plant characteristics, Vifete/Pso 
10" M Kn for underground plant characteristics. Like other experiments, ma^cimum 
per cent increase for most parameters was noted at 105 DAP. Application o| 401^ 
P/ha X 10"^ M GA3 gave 185 and 100% higher leaf area and herb yieldjespectively a| 
105 DAP. Cl^ f^i)y^^%/^ 
The data provide the following new additions to the literature on the efficacy 
of mineral nutrition and phytohormone on the performance of Mentha arvensis L. 
'^ The perfu'illiuiitc uf JvLnlha (Mentha. ofveJfsis L.T^'caaiL^ias^tudied for the 
first time under agro-climates of Aligarh, Western Uttar Pradesh ^ d it woii found 
1. The crop flourishes well, the most appropriate stage for crop harvesting vs^as-fbtifid^ 
at 105 days after planting (DAP). 
2. The crop responded well to individual application.of soil-applied N at 90kg/ha and 
P at 30kg/ha. 
3. Individual effect of leaf-applied GA3 and Kn, each at 10" I^vLproved best for most 
characters studied. 
4. Combined application of soil-applied 90kg N/ha and leaf-applied GA3 at 10"^ M 
proved more beneficial particularly for aboveground parts than their individual 
application. 
5 The better performance of the crop particularly aboveground morphology was 
observed when crop was grown with soil-applied P at 40kg/ha supplemented with 
leaf-applied GA3 at 10"^ M 
6 Combination of soil-applied 90kg N/ha and leaf-appUed .10"^ M Kn proved best for 
underground parts of the crop. 
7. The underground morphology of the crop was also more favourably affected by 
the application of soil-applied 30kg P/ha supplemented with leaf-applied lO'^ 'M 
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INTRODUCTION 
Chapter 1 
INTRODUCTION 
Medicinal plants housed as a major source of therapeutic agents for thousand 
of years. Global interest in medicinal plants, especially in western countries, has 
increased recently. According to an estimate given by the Export-Import Bank of 
India in 1997, tlrat the international market of medicinal plants related trade is worth 
US $ 60 billion per year and growing at the rate of 7% annually. Although China and 
India represent major sources, India holds apartly 2.5% share (Natesh and Ram, 
1999). About 80% of global population and 70% of Indian inhabitants relies on 
plant-based medicines for primary health care. The demand of plant material for a 
wide range of human ailments has increased in recent decades because of certain 
reasons such as rise in population, inadequate supply of drugs in certain parts of the 
world, unaffordable cost of alternate treatment for common ailments and adverse side 
effects of several allopathic drugs. 
As per report ascribed to the Centre for Research Planning and Action 
(CERPA), the domestic demand of medicinal plants in 1999-2000 was estimated at 
Rs. 1,099 Crores which is expected to rise to Rs. 2,000 Crores by the year 2004-2005 
(Anonymous, 2001), The Planning Commission of the Government of India has plans 
to increase the export trade in medicinal plant extracts to Rs. 3,000 Crores by the year 
2005 and Rs. 10,000 Crores by the 2010 (Gera et a/., 2003). 
Raw materials^ such as leaves, fruits, seeds, roots, bark, rhizomes, stem and 
even whole plants, used for extraction of chemicals of medicinal importance are 
exported from the country. Besides these plant parts and whole plants of medicinal 
importance, the essential oils extracted from some of them are used in organic 
synthesis of compounds of high economic value. By far about 1,000 genera and 2,500 
species have been recognised for their medicinal importance. Among the various 
plants valued for their essential oil, Japanese mint (Mentha arvensis L.) has been 
recognised as being rich in this cpmmoditv. ,It has also been found to grow faster 
-fnC\A \Nlr4X (ihii-h vrhlxU ~ 
under Indian conditions. It may be recalled that it was introduced into India in 1954 
by the Regional Research Laboratory, Jammu, J & K State (Handa et a/., 1954) and 
has since been distributed widely in the semi-temperate to tropical agro-climates of 
the countr}'. 
Japanese mint {Mentha arvensis L.) is primarily grown for isolation of 
menthol from its oikwhich has wide,application in pharmaceutical, i^e. therapeutical, 
agro-chemical and flavouring industry all over the world. Apart from menthol, the oil 
contains many valuable terpenes and other minor constituents. Menthol refreshing 
aroma together with its cooling action, as also its stimulant and antiseptic qualities has 
led to its wide-spread use for medicinal purpose like inhal^, ointments, pain balms, 
cough syrups, cough lozenges tablets as well as many other health care formulations. 
Moreover, the oil is directly used as flavouring agent and ingredient in several 
medicinal preparations (Misra etal, 2000). 
Japanese mint {Mentha arvensis L.) is commercially grown mostly in Brazil, 
China, India, Japan, Taiwan and Thailand. According to a survey conducted by the 
Central Institute of Medicinal and Aromatic Plants (CIMAP), the area under Japanese 
mint cultivation in India is around 1,34,000 hectares (Kumar et a/., 1999). The annual 
world production estimates for its essential oil is 20,000 tonnes^ India has achieved a 
/I 
position of leadership in this field by producing 15,000 tonnes per year (Bahl et a/., 
2000). However, it has been estimated that Uttar Pradesh (UP) tops the list both with 
regard to the area under its cultivation and oil production (Misra et al., 2000). 
Presently research efforts have been focussed not only on stimulating plant 
growth for increased herb yield but also to obtain higher oil yield. Some progress has 
also been made in discerning the physiological modulations of essential oil production 
which is highly integrated with physiology of whole plant. The assumption that 
increased production of photosynthetates is an important determinant of oil yield and 
of Its composition (Srivastava and Sharma, 1991). Elucidation of essential oil 
synthesis pathway indicates that the increase in carbon skeleton provided by 
photosynthesis during vegetative phase enhances essential oil production. The recent 
confirmation of involvement of glyceraldehyde-3-phosphate and pyruvate in plastidal 
essential oil terpenoid biosynthesis has underlined the direct relevance of 
photosynthesis (Sangwan et a/., 2001). With increased production of photosynthetates 
in mind, plant morphology (size and orientation of leaves and branches) could be 
modified so as to achieve better ligiit interception. A few studies undertalcen towards 
the end of the last century have revealed that photo synthetic biomass and oil 
production respond positively to application of fertilizer nitrogen and phosphorus 
(Banis et al, 1977; Chandra et ai, 1983, Chuhan et al., 1991; Anurag and Singh, 
1998; Srivastava et a!., 2001; Krishnamoorthy and Madalagri, 2002). 
Demonstrations have also shown that mineral nutrient deficiencies 
substantially impair production of dry matter and its partitioning between the plant 
organs (Marschner e^ al, 1996; McDonald et al., 1996) and TQAUCQB sink sXiQngl\i 
(Farrar and Williams, 1991; Paul and Stitt, 1993), there by reducing the 
photo synthetic potential of source visr leaves (Farrar and Williams, 1991; Stitt, 1991; 
Pollock and Farrar, 1996), Nitrogen and phosphorus may also directly affect leaf 
metabolism via altered activity of photosynthetic enzymes (Stitt, 1991; Quick et a/., 
1992;Fichtnere/a/., 1993). 
Fertilizer applications generally increase the oil yield by enhancing the amount 
of biomass per unit area (Sangwam et ai, 2001). Moreover, application of nitrogen 
and phosphorus as fertilizers has been an established practice for increasing the 
inherent capacity of crops for growth and yield. However, the awakening about soil 
and water degradation due to indiscriminate application of polluting doses of 
fertilizers together with their escalating unaffordable prices calls for caution. It 
therefore appears appropriate to discover and test innovative practices so as to 
augment the yield of the crop as a result of better utilization of the inputs (fertilizers, 
including nitrogen and phosphorus). Thus, the crop management should be 
undertaken in such a way that the available resources are utilized to the maximum 
possible extent. One such option for achieving this goal is to try and increase the 
efficacy of the crop for harvesting more solar energy. This would be expected 
subsequently to increase the amount of photosynthetic metabolites, followed by their 
translocation and utilization for essential oil biosynthesis. This goal could be achieved 
either by genetic manipulation or by proper and efficacious modification of cultural 
practices. The former being a long drawn out time-consuming process, adoption of the 
latter option may be preferred. In this context, one may visualize that enhanced above 
ground crop growth would normally require more soil inputs causing environmental 
problems. 
To offset this undesirable situation, the use of phytohormones for further 
augmenting the production and expanse of fohage may be undertaken profitably as 
phytohormones are known to be actively engaged in various physiological activities 
(Premabatidevi, 1998; Angrish et al., 2001; Elanchezhian, 2001; Pandey et ai, 2001; 
Takei et ai, 2002; Khan and Samiullah, 2003). Moreover, phytohormones act as 
mediators for accUmation of plants to leaf canopy (Pons et al, 2001), stimulate leaf 
area expansion (Leopold and Kawase, 1964; Brock, 1993) and induce elongation and 
osmoregulation in internodes (Azuma, 1997). The exogenous application of 
phytohormones eveked the intrinsic genetic potential of crop (Moore, 1989; Taiz and 
A 
Zeiger, 1998). Most of phytohormones increase dry matter and biomass production 
(Bhasker et al, 1997; Kewalanad et al, 1998; Gupta and Datta, 2001). Thus the use 
of phytohormones to increase foliage production in mint grown with soil-applied 
nitrogen or phosphorus may have dual advantage. First, increased demand of nutrients 
by enhanced top growth may lead to better uptake and utihzation of nitrogen and 
phosphorus. Secondly, enhanced aboveground biomass production may benefit 
essential oil yield. With this dual hypothesis in mind, graded solutions of gibberellic 
acid (GA3) and kinetin (Kn) were sprayed on mint {Mentha arvensis L.) grown with 
different levels of soil applied nitrogen or phosphorus so as to achieve the goal 
envisaged there in. 
Six experiments were therefore conducted on Japanese mint {Mentha arvensis 
L.) in pots with the following objectives. 
1. To study the individual effect of selected doses of nitrogen and phosphorus 
applied to the soil on growtn^physiological and yield characteristics of the 
crop. 
2. To study the individual effect of fohar sprays of graded gibberellic acid (GA.3) 
and kinetin (Kn) solutions on growth, physiological and yield characteristics 
of the crop. 
To study the effect of optimum dose of soil-applied nitrogen (N) in 
A 
combination with subsequent foliar sprays of graded solutions of gibberellic 
acid (GA3) or kinetin (Kn) on growth, physiological and yield characteristics. 
To study the effect of soil-applied phosphorus in combination with subsequent 
A 
foliar sprays of graded solutions of gibberellic acid (GA3) or kinetin (Kn) on 
i/^ . . 
growth, physiological and yield characteristics. 
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Chapter 2 
REVIEW OF LITERATURE 
2.1 Introduction j ^ ' ^ 
The use of plants as medicines antedates history. Herbal medicine represents 
probably the first, and certainly the oldest system of human health care. Almost all 
civilizations and cultures have employed plants in the treatment of human sickness 
(Natesh and Mohan Ram, 1999). 
From a historical perspective, botany as a science had its origin in the use of 
herbs as medicines./c major aromatic perennial herbjnenthol mint (Mentha arvensis^ 
L.)..beloneing to family Labiatae'igrown in India for the production of essential oil.' 
occupies a predominant position tg^M^iis huge amount of mint oil whiob-i^ morel 
than 53% of global production (Kumar et ai, 1997). There is a tremendous demand 
for mentha oil and its derivatives in the international market for its use in different 
industries. For the last several years, China n ^ - h a d the monopoly in tb^ mentha oil 
production and international trade and held number one position M^ 1995 yii 
producing more than 9000 t oil ofUts own out of the total world production of 
17,000 t. Ttte position entirely changed during 1996, when India became the largest 
producing country of more than 10,600 t oil. Based on the status of production and 
export of mentha oil and its poroducts, India presently dominates and holds monopoly 
4ft the world trade (Misra et al 2000). Besides India and China, other principal 
producing countries include Brazil, Japan and Thailand. According to a recent survey 
conducted by the Central Institute of Medicinal and Aromatic Plants (CIMAP), the 
area under menthol mint cultivation in India is estimated around 1,34,000 ha with an 
average annual production of about 12,0001 of menthol mint oil (Kumar et al., 1999). 
There are number of uses for different mint oils. The Japanese mint oil, which 
(XJ 
has considerably higher percentage, is primary source of menthol. Menthol's 
refreshing aroma and cooling action alon^ith its stimulant^ and antiseptic qualities 
have led to its wide spread uses for medicinal purposes like inhales-, ointments, pain ' 
balms, cough syrups, cough lozenges and tablets as well as many other formulations 
(Misra e/a/., 2000). 
Looking at production figures and medicinal uses of mentha, it is highly 
desirable to increase its productivity and to obtain good quality and quantity of oil, c 
hence more net return from unit area. Alongwith balanced nutrition, rf Grop is 
fo supplied with afiy other chemical,jk\fhfch could improve the yield andmofe-economic 
net return. The success in this strive may be additional advantage to pharmaceutical 
industries and farmers. One such group of chemical is thought to be plant growth 
regulators. In this chapter, the information regarding the effect of mineral nutrients 
and plant growth regulators and their interaction on the performance of mentha and 
all ied crops has been reviewed. 
2.2 Mineral nutrition , 
(Km 
The dogma of mineral nutrition of plants is very old aS can be traced back 
ftTTin the period of Aristotle (384 B.C.-322 B.C.), who recognized that nutritive 
function separated the living from dead and non-living. A major breakthrough 
occurred in seventeenth century W n K'on-Helmont (1577-1644) emphasized the 
importance of nutrients for plants. In 1656 Glauber successfully correlated the 
stimulatory effect of cattle manure on the growth of plants. 
The modern concept of plant nutrition was conceived when de Saussure in 
1804 established the role of soil in plant growth. He laid the foundation of scientific 
research on plant nutrition and for the first time emphasized a close relation between 
the minerals found in soil and the plants that thrived on it. In 1839, Sprengel stressed 
the importance of nutrient elements absorbed by the plant from the soil. It was mainly o* 
credit to Liebig (1803-1873) that scattered information concerning the importance for 
mineral nutrients for plant growth was compiled and summarized and that the mineral 
nutrition of plants was established as scientific discipline (Marschner, 1986). \ / 
A 
Plants contain small amounts of about more than hundred elements but only 
seventeen elements were known to be essential (SaUsbury and Ross, 1992). Of the 
essential elements: nitrogen, phosphorus and potassium have been the subject of 
voluminous field trials by researchers in the world. 
2.2.1 Nitrogen 
Nitrogen is required for t^e crop growth in higher concentrafion than any other 
element. The productivity of higher plants i / to bfe large extent depends on nitrogen 
nutrition (Brown, 1978; Evan and Seeman, 1989; Costa, 2002). Nitrogen is central 
determinant of leaf photosynthetic capacity (Field and Mooney, 1986; Evan, 1989; 
V/oodward and Smith, 1994) and yield (Sinclair and Dewit, 1976; Greenwood et al., 
1980; Frederick and Hesketh, 1994; Sinclair, 1998; Rao et al., 2000). Its availability 
increases leaf water potential (Radin and Parker, 1979; Radin and Ackerson, 1981; 
Radin et a/., 1982), wall expansion properties of growing tissue (Durand et al., 1994; 
jjHpficke et al., 1997), cell division (Roggatz et al., 1999), production rate of ceirand 
^ e l l length (Mac Adam et al., 1989; Gastal and Nelsen, 1994; Fricke et al., 1997) and 
leaf area (Robson and Deacen, 1978; Gastal and Saugier, 1986; Mac Donald et al., 
1986). The N supply showed significant effect on the expansion of individual leaves 
and on branching (Wilman and Pearse, 1984; Gastal and Lemarie, 1988; Vos and 
Biemand, 1992; Taylor et al., 1993; Trapani and Hall, 1996; Vos et al., 1996), and the 
rate of leaf appearance (Cruz and Boval, 2000). 
Leaf N status plays an important role in the regulation of photosynthesis 
(Grindley, 1997), photosynthetic and light harvesting proteins (Evans, 1983; Field and 
Mooney, 1986) and light use efficiency (Hirose and Werger, 1987; Pons et al., 1989; 
Muchow and Sinclair, 1994; Gastal and Lemarie, 1997; Drouet, 1998). The soil N 
status (Gastal and Lemarie, 2002) and its uptake and distribution (Novoa and Loomis, 
1981; Sinclair and Shiraiwa, 1993; Gastal and Lemarie, 2002; Kennedy et al., 2002) 
of the crop have also major impact on crop growth. In addition to that, N plays a 
critical role in ionic balance (Van Busichen et al., 1988; Wollenweber and Raven, 
1993; Graf e/ al., 1999), in the regulation of the expression of number of genes (Stitt,,/ 
1999; Wang et al., 2000) and in hormone metabolism and translocation (Samuelson 
and Larsson, 1993), Takei et al., 2001; Takei et al., 2002). 
'^2.^'l^^/Asmhj^uon of nitrogen 
(A{^Y*^qUisition and assimilation of nitrogen is second in importance only to 
aj|^b»synthetic carbon assimilation for plant growth and development (Heichel, 1980). 
The availability of nitrogen in the rhizosphere regulates crop growth and development 
^r'augmenting optimum source and sink development during ontogeny. Plants take 
' up nitrogen as much as possible by the roots (Sinclair and Amir, 1992) and the uptake 
\of N ir^^^l^^o^ is an enejigy recjuiring process (Oaks and Hirel, 1985) making the 
roots a barrier to N uptake. Nitrate and ammonium ions are major sources of 
inorganic nitrogen taken up by the roots of higher plants from .soil solution 
(Kleinhoffs and Warner, 1990; Lea ei al. 1990; Solomonson and Barber, 1990). 
Ammonium ions are assimilated in roots and transported as amino acids and amides 
to leaves, whilo- nitrate ions are transported to leaves largely as nitrate (Arzonis and 
Findenegg, 1986), 
The uptake of nitrate by roots depends on concentration of nitrate in soil, 
volume of soil exploited by roots, rooting density and affinity of roots in absorption of 
nitrate (Engles and Marschner, 1995; Jeuffory et al., 2002). The assimilation of nitrate 
by^plant requires the uptake of nitrate, reduction of nitrate, tja^  conversion of nitrate to 
ammonia, and incorporation of ammonia to organic compounds (Migge and Becker, 
1996; Sivasankar and Oaks, 1996). Since ammonium is toxic, it is rapidly assimilated 
into non-toxic metabolites (Lea et al., 1990). The type and concentration of nitrogen 
in, growth media exert a considerable mfluence on the growth and mineral 
composition of tb^ crop plants (Kurvits and Kirkby, 1980; Gashaw and Mugwira, 
1981). Ammonium on entering the roots of plants are immediately assimilated by the 
GS-GOGAT system to form glutamine and glutamate (Amancio and Santosh, 1992). 
The metabolism of nitrate occurs in leaves and roots depending on the species of plant 
(Lea and Morot-Gaurdy, 2001). 
2.21.1.2 Consequences of nitrogen deficiency 
Visual diagnosis of nutrient deficiency provides a valuable means of assessing 
the nutritional condition of crop (Cox and Robson, 1980). The deficiency of essential 
minerals result in a significant changes in development of various organs and the 
plant as whole (Sundqvist et al, 1980; Mishra et al, 1985; Dodd, 2001). The 
deficiency of N causes adverse effects on cell wall properties and activity of enzymes, 
such as xyloglucan endotransglocoxylase (Palmer and Davies, 1996), and therefore a 
severe decrease in leaf expansion (Volenec and Nelson, 1984; Palmer et al, 1996). 
Nitrogen deficits alters source-sink relations, reduces sink activities in shoots 
resulting in more competitive sinks for photoassimilates into roots than younger 
leaves and shoot meristems (Aloni et al, 1991). The deficits also stimulates '^ 
translocation of carbohydrates from source (leaves) to roots (Rufty ei al, 1988) and 
thus reduces the shoot/root dry weight ratio of the plant (Cakmak et a/., 1994a; Peuke 
et a/., 1994; Marschner, 1995; Marschner el a/., 1996). Nitrogen stress results in 
inhibition of shoot expansion (Mac Donald, 1996; Balakrishnan, 1999), decreases cell 
length in leaf epidermal cells (Mac Donald et al., 1996) decrease in leaf area duration 
and leaf area index (Lawlor, 1995), relative growth rate (Walker, 2001), leaf area ratio 
(Boogard et al., 1995) and crop production (Ter Steege et al., 2001) and shortening of 
vegetative phase (Koch et al., 1988). 
The N deficiency also adversely affects the physiological activities of the 
in. jju. 
plant. The hmited N supply results thfe collapse of chloroplast (Thomson and Weier, 
1962; Laza et al., 1993; Kutik et al., 1995) and^therefore affects ofi chloroplast 
development. N deprived plants are pale and yellow in colour, as total chlorophyll 
reduceep«-low nitrogen supply (Longstreth and Nobel, 1980; Balakrishnan, 1999). Oiit 
a decrease in nitrogen supply, thfe rate of photosynthesis per unit leaf area (Van der 
Wref e/ al., 1993), carboxylation capacity (Evans, 1986; Makino et al., 1988; Lawlor 
et al., 1989) and watewuse efficiency (Uhart and Andrede, 1995) decreased 
significantly. Low N decreased the soluble protein content and rate of protein 
synthesis per leaf, whereas increase in structural to non-structural proteins (Lawlor, 
2002). 
2.2.2 Phosphorus 
Phosphorus is a major mineral nutrient required by plants, but is one of the 
relatively immobile, inaccessible and unavailable nutrient present in soils (Marschner, 
A 
1995; Holford, 1997). Unlike nitrate and sulphate, phosphate is not reduced in plants 
but remains in its highest oxidised form. After uptake at physiological pH mainly as 
H2PO4" either it remains as inorganic phosphate or it is esterified through a hydroxy] 
group to.carbon-chain (C-O-P) as a simple phosphate ester (e.g. sugar phosphate) or 
attached to another phosphate by energy rich pyrophosphate(pj -^—"'''"'^  (jp) bond 
(e.g in ATP). The rates of exchange between inorganic phosphate and organic 
/A S 
phosphate in ester and pyrophosphate bond are very high (Marschner, 1986). 
K 
Phosphorus is extremely reactive and is only available for plant uptake at a 
narrow range pi^neutral soil pH values. In acid soils, phosphorus forms low solubility 
molecules with aluminium and iron (Bar-Yosef, 1991; Gerke, 1992), whereas in 
alkaline soil, it combines efficiently with calcium and magnesium to form sparingly 
soluble phosphate compounds (Dinkelaker et a/., 1989; Bolan et a/., 1997). The P 
supply regulates root development (Bates and Lynch, 1996; Narang et al., 2000; 
V/illiamson et al., 2001) and strongly enhances shoot biomass accumulation and leaf 
area (Rubio et al., 2003) and yield (Barry and Miller, 1989; Rao and Shaktawat, 
A\jyj i j . 
Leaf phosphate status plays an important role in the activation of Calvin cycle 
enzymes (Leegood et al., 1985; Brooks et al., 1988; Rao and Terry, 1989) and in 
photosynthesis (Flugge, 1987; Paul and Foyer, 2001). Phosphorus (P) is an essential 
nutrient for plant growth and development, reproduction that forms part of key 
molecules such as nucleic acids, phosphoHpids, ATP and other biologically active 
compounds (Taiz and Zeiger, 1998; Bucio et al, 2000). 
2.2.2.1 Mobilization of phosphorus ^ 
About 80% of P in soils is found in orgariic form (Jackson and Hagen, 1960; 
Richardson, 1994), the remainder is found in organic fraction containing 170 mineral 
forms (Holford, 1997). The organic compounds allowing the phosphate to be less 
adsorbed to the soil particles (Bolan et al, 1997) and maximizing uptake of P by the 
root (Lynch, 1995; Otani et al, 1996). Phosphate taken up by basal root segments is 
translocated to root tips as well as the upper parts of plant (Clarkson et al, 1968; 
Mimura et al, 1996; Jeschke et al, 1997). 
In P-sufficient plants there is retranslocation of Pi in the phloem from older 
le£Lves to growing shoots and from shoots to roots (Bouma, 1967; Jeschke et al 
1997). In the xylem P is transported solely as Pi (Schachtman et al, 1998) wttrire" 
substantial concentrations of P/ are present in the phloem (Hall and Baker, 1972) 
indicating the role of P/' in the phloem transport. In P-deficient plants, root clusters are 
formed and exude higher amounts of organic acids (upio 23% of net photosynthesis), 
which acidify the soil and chelate ions in the root resulting in the mobilization of P 
and some micronutrients (Marschner, 1995). Microrrhizae are also important for P 
acquisition in plants, since fijngal hyphae greatly increase the volume of soil that'^lant^' 
A 
roots explore (Smith and Read, 1997). Phosphate absorbed by plant cells is rapidly 
involved in metabohc process. Jackson and Hagen (1960) reported that after a period 
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of only 10 minutes, following uptake, 80% of the phosphate was incorporated into 
organic compounds. The organic phosphate formed in this short time consisted of 
mainly of hexose phosphates and uridinediphosphate. 
Under normal physiological conditions, tfee transport of Pi across the plasma 
membrane from soil to the plant^ require(? amount of energy, because of relatively 
high concentration of Pi in the cytoplasm and negative membrane potential of the 
cells. The stability of cytoplasmic Pi concentration is essential for many enzyme 
reactions and this stability can be achieved by membrane transport and exchange 
between various intracellular pools of P (Schachtman et al, 1998). The distribution of 
P into the pools, i.e. physical compartments such as cytoplasm, vacuole, apoplast and 
nucleus, and into metaboUc pools li»i^ been studied (Bieleski, 1973; Bieleski and 
Ferguson, 1983; Lee et al, 1990; Lee and Ratcliffe, 1993; Ratcliffe, 1994; Mimura, 
1995; Macklon et al, 1996). To transport Pi across cellular membranes involves 
several different transporters and is<^ n some way regulated by external supply of Pi 
(Furihata et al, 1992). Studies at .molecular level have -be&n- shown tfeat genes 
encoding plant phosphate transporters (Delhazie and Randall, 1995; Muchal et al, 
1996; Smithed a/., 1997; Leggewiee/a/., 1997; Liu e/" a/., 1998a, 1998b; Bucio era/., 
2()00V that interact and regulate phosphate-transport mechanisms. 
2.2.2.2 Consequences of phosphorus deficiency 
Inadequate supply of nutrients causes metabolic disorders (Terry and Ulrich, 
1973; Rao and Terry, 1989; Taiz and Zeiger, 1998; Rengel, 2002). The deficiency of 
P limits the Pi concentration in chloroplast and ATP synthesis (Jacob and Lawlor, 
1993), regeneration* of RUBP and activity of RUBP carboxylase (Brooks, 1986; 
Freeden et al, 1990), photosynthesis (Tombesi etal, 1969; Brooks et al, 1988; Rao 
and Terry, 1989; Plesnicar, 1994) and respiration (Terry and Ulrich, 1973; Rao and 
Terry, 1989). In addition, stomatal conductance (Radin, 1984; Radin and Eidenbock, 
1986) and water potential of leaves also decreased under the deficiency of this 
nutrient (Radin and Eidenbock, 1984). In leaves, the deficiency of P causes 
substantial increase in allocation of photosynthates to starch and sucrose, whtfe-
marked decrease in sugar phosphates (Rao and Terry, 1995). 
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The appearance and morphology of plant is also affected under P-starved 
conditions. The plants grown under P deficiency are characterized by smaller, 
darker-green leaves, shorter petioles, usually small and slender stems, and smaller 
storage and longer fibrous roots (Devlin and Witham, 1986; Salisburry and Ross, 
1992; Taiz and Zieger, 1998). In response to P~limited conditions, some plants 
A 
undergo developmental adaptations to scavenge limited phosphate from the 
environment including changes in root architecture, induction of genes encoding high 
affinity transporters, rmzosphere acidification atid exudation of organic acids (Zhang 
'e^"a/.")l997; Schatchman et al, 1998; Raghothama, 1999; Bucio et al, 2000), 
Low P availability involves postembryonic developmental changes in the root 
system (Dinkelaker et al, 1995; Bates and Lynch, 1996; Borch et al, 1999), and 
restricts the root hair elongation (Schmidt and Schikora, 2001). In P-deficient plants, 
decrease in root hydraulic conductance causes inhibition of leaf cell expansion (Radin 
and Eidenbock, 1984). Under P deficiency, a considerably large portion of 
photosynthates is partitioned to roots than shoots (Engles and Marschner, 1995), 
leading to reduced shoot/root dry weight ratio (Bouma, 1983; Moorby and Besford, 
1983, Rao and Terry, 1989; Rubio etal, 2003). 
2.2.3 Potassium 
Unlike nitrogen and phosphorus, potassium (K^) is not a constituent of any 
metabohc compound (Evans and Sorger, 1966). Potassium plays a key role in turgor 
regulated movement not only of individual cells, but also of plant organs (Scatter et 
al, 1974; Kiyosawa, 1979). The circadian movements of leaves are controlled by 
K^-mediated turgor changes in specialized tissue (Marschner, 1986). 
Potassium plays a fundamental role in the establishment of proton gradient v 
across the thylakoid membrance (Tester and Blatt, 1989)^ and maintenance of high pH 
ofxhloroplast stroma (Fang et al, 1995). 
'^ ^ 
Potassiumyjalso required for stomatal conductance, and thus, for efficient CO2 
diffusion into leaves (Humble and Raschke, 1971). The accumulation of potassium in 
guard cells provides the necessary amount of solute developi«g-4or water potential 
gradient required for water movement into guard cells for stomatal opening nedfs^r-y^ 
for photosynthesis (Jensen and Tophoj, 1985; Tanguilig et al, 1987 and Thakral et 
al, 1997). ^ 
The potassium requirement for optimal plant growth is approximately 2/5% 
on the dry weight basis of plant. There are more than 50 enzymes which either 
completely depend on or^stimulated by K (Suelter, 1970). Potassium is involved m 
several steps offtranslocation process, including binding of tRNA to ribosomes (Evans 
and Wildes, 1971; Wyn Jones et al., 1979; Nitsos and Evans, 1969) oxidative 
phosphorylation, glycolysis and adenine synthesis (Evans and Sorger, 1966). 
Translocation of organic solutes totally depends on potassium ions, which are moved 
across the sieve plate actively (Salisbury and Ross, 1992). It also involves in various 
physiological and biological processes (Mengel and Kirkby, 1996; Rengel, 2002). 
2,2.3.2 Consequences of potassium deficiency 
When potassium is deficient, growth is retarded and potassium (K^) is 
retranslocated from mature leaves and stems. When its deficiency is severe the leaves 
and stems became chlorotic and necrotic (Bussler, 1964) and lignification of vascular 
bundles is impaired (Pissarek, 1973). During potassium deficiency, the changes in 
enzymes activity and organic compounds take place^are in part responsible for the 
higher susceptibility of plants to fungal attack. They also affect the nutritional and 
processing quality of harvested products (Marschner, 1986), and potassium-deficient ' 
plants have lower tolerance to * » " 8 ^ c ^ , , U 4 t l W ^ ^ y . / ^ A 
In potassium-deficient plants reduced internodef-of'sTems, stuni?ed growth of 
shoot with numerous tillers, "ttrt-little or no flowering, colour oHeaf may be dull blue-
green, chlorosis occurs in intervienal region, in older leaves browning of tips, margin 
scorching or development of brown spots near margins,eecnr. Enhanced respiration 
rate^ -are common feature of potassium deficiency (Bottrill et al., 1970). 
2.3 Response of crops to mineral nutrients n 
Several. investigations have noted beneficial effects pf nitrogen and ' 
phosphorus^ in enhancing the yield characteristics, quality and percentage of active ^ 
constituents, but reports about potassium are meargre. In the following pages, the 
available literature on the influence of nitrogen and phosphorus on selected medicinal 
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plantsj)articularly under Indian conditions for the last two decades has been reviewed 
briefly. 
In an investigation Bhardwaj et al. (1980) reported that peppermint (Mentha 
piperita L./responded tp high levels of N as-mttefe-as- Go and 160 kg/haj Sharma and 
Singh (1980)repoffea an economic dose of nitrogen at 199.1 kg/ha and 96.6 kg/ha for 
Japanese mint (Mentha arvensis L.). 
Singh et al. (1981) noted that an application of 150 kg N/haX.increased ' 
menthol and methyl acetate contentTwhereas menthone content increased»upio 250 kg 
r ^^^^ —^—-j: ^ 3^aukf^> ^ 
'R!\\d\Mentha arvensis and Mentha piperitaJHo-wevGf, Imalool content mcreased, but' 
linyle acetate decreased in bergamot mint {Mentha citrata) with the application of 100 
kg N/ha. Moreover^ carrone content in Mentha spicata increased with increased ' 
application of nitrogen. 
Singh et al. (1983) studied response of bergamot mint (Mentha citrate) to 
graded dozes of nitrogen (0, 50, 100, 150 and 200 kg N/ha) and phosphorus (0, 60 and 
120 kg ?205/ha).Jk^w?cs found that a combination pf 100 kg N and 60 kg P205/ha 
produced maximum herb and oil yieldsj,whereasquality of o^ was not altered by 
different treatments. Rao et al. (1983) while studying the individual effects of' 
nitrogen, phosphorus and potassium on same crop, noted that 50 and 100 kg N/ha and 
60 kg P205/ha increased the herbage and essential oil yields,' however, K application • 
had no effect on yield. Oil content was not influenced by NPK fertilization. 
Astadzov (1981)--H^>^mmer snowflake (Lecojum aestivum L.) auplicauuu o^ 
100 kgveach of N, P2O5 and K2O showed highest herbage yield -brt-had no effect on 
herbage (Ralataminejcontent-, Kozlowski and Maszner (1984). while studying XHr 
sage (Salvia officinalis), found that P2O5 at 20 upio 80 kg/ha increased plant tannin 
accumulation_wmk all P2O5 rates.except 100 kg/ha^epressed essential oil synthesis.' 
In a trial with peppermint (Mentha piperito), N at 160 kg/ha produced 9.8/-18.4% 
more oil than that at 80 kg N/ha (Yadav et al, 1985). 
Hedge (1986) noted a positive response of perwinkle (Catharanthus roseus L. 
G. Don) to N application. The optimum rates for root and leaf yield were found 110 
and 80 kg N/ha respectively. Moreover, a split application in 3 equal doses (at 
planting. 60 and 120 days later)^produced the highest root, leaf and stem yields. 
In a sludy on genotypes of Japanese mint {Mentha arvensis L.), it was found 
that N a[i|'lication unto 150 kg/ha significantly increased plant height, herb and oil' 
yields bul leaf stem ratio and oil concentration did not vary appreciably (Kothar et al., 
ic)87). Irrliiit^ wl^l^'^ same crop Singh (1987) observed the effect often levels of 
nitrate doses on its groMh and essential oil content. The highest dry weight (10.7 gm) 
and maximum essential (9.2 ml/100 gv/i) were found with 16.0 meq/1 of nitrate 
nitrogen. 
Van and Geldery (1988) conducted a trial to observe the influence of 
increasing levels of N application (112-392 kg/ha) on oil production and quality in 
peppermint (Mentha piperita L.). It was observed that decreased menthol and 
increased menthone contents of oil were associated with increased levels of N. 
Bhardwaj and Kaushal (1989) reported that 150 kg N/ha should be suppUed to obtain 
highest essential oil and free menthol conrent»'and best physical properties of oil of 
the same crop. 
Ramesh et al. (1989), while studying o|{ isubgol (Plantago ovata Forsk.), 
observed that there was little response of the crop in terms of vegetative growth and 
yield attributes to appUed fertilizer rates of NPK. Application of N, P and K at 75, 25 
and 30 kg/hajespectively, gave the highest number of spikes and seed yield/plant. 
Singh et al. (1989) found that N apphcation upjto 100 kg/ha increased ' 
plant height, leaf stem ratio, leaf area index, herbage and oil yields of 
mint species, viz. Japanese mint (Mentha arvensis L.), peppermint (Mentha piperita 
L), spearmint (Me« /^?a spicata L.)X and M bergomot mint (Mentha citrata L.) N-
f , A / '^ 
application upjto 150 kg/ha improved these parameters. However, oil content of all" 
species decreased with increasing rates of N. Bhardwaj and Kaushal (1990) observed 
that N u{|to 150 kg/ha increased tj(e biomass and oil yields in peppermint cultivars^ 
(Mentha piperita L.). 
Chuhan et al. (1991) observed the effect of P (0, 30, 60 and 90 kg/ha) on 
Japanese mint (Mentha arvensis L.). They found that P at 60 kg/ha increased 
significantly dry matter and essential oil yield over control. Cho and Kim (1991) 
reported that fertilizer application of 120 kg N, 80 kg P2O5 and 80 kg KaO/ha 
increased plant height, shoot fresh weight, root length, number of root branches, root 
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fresh weight and growth of stem nodes. Singh et al. (1991) performed an experiment 
on spearmint {Mentha spicata L.). They found that plant height, number of 
leaves/plant, plant N concentration and essential yields were maximum at 120 kg 
N/ha. 
Farooqi ei al. (1991) conducted an experiment on davana {Artemisia pall ens 
h'/h 
Wall.). They found that treatment 240 kg N/ha produced maximum plant height, 
number of branches/plant, plant spread, number of flower heads/plant, fresh weight of 
herbage/plant, fresh weight of whole plant and computed fresh and oil yield/ha. 
Application of phosphorus alone failed to influence the growth, yield and oil content. 
Combined application of nitrogen (240 kg/ha) and phosphorus (80 kg/ha) proved best 
for most parameters. 
Munsi (1992) studied the effect of N (0, 60, 80 or 100 kg/ha) and P (0, 20, 40 
or 60 kg/ha) on the yield and essential oil content of Japanese mint {Mentha arvensis 
L.). It was found that dry matter and fresh herb yield were increased more with N than 
with P. However, interaction of 100 kg N/ha and 60 kg P/ha gave highest yields of 
fresh herb and essential oil, but the composition of essential oil was not affected by 
the treatments 
Singh et al. (1992) conducted a field trial on mint species. The crop was 
treated with graded levels of N uoto 150 kg/ha. It has been reported that 150 kg N/ha 
increased plant height, leaf stem ratio, leaf area index, dry matter accumulation and 
oil content significantly, but further addition of nitrogen decreased the oil content. 
Courte et al. (1993) found that apphcation of N uj^o 180 kg/ha increased oil 
yield in peppermint {Menthapiperita L.) but the chemical constituents of essential oil 
were not influenced by N fertilization. 
Kothari et al. (1993) reported that the economic optimum levels of N for 
menthol production were 124, 167, 214 and 218 kg/ha in MA2, MAPI, MASl and 
MAS2 genotypes of Japanese mint {Mentha arvensis L.)_respectively. ^ 
Piccaglia et al. (1993) applied N at 0, 100 or 200 kg/ha to peppermint {Mentha 
piperita L.). It has been reported that increasing levels of N, increased the biomass 
and yield of the crop but percentage of leaves in'biomass decreased. Saxena et a/. J 
(1993), working on Japanese mint {Mentha arvensis L.)j-eported that"^150 kg N/ha -
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compared with 100 kg N/ha significantly increased the green herb and oil yield. 
Kothari and Singh (1995) observed the effect of N application on spearmint {Mentha 
gi-acils Sole). The plant height and leaf area index increased with the application of N 
but leaf stem ratio and oil concentration decreased. Saxena and Singh (1995) reported 
that for higher dry matter and essential oil yields, the economic optimum rate of N 
was 215 kg/ha for Japanense mint (Mentha arvensis L.). 
Gascho et al. (1995) workmg on pearl millet (Pinnisetum glaucum (R) Br.).^ 
They reported that the yield or crop increased hnearly with N fertilization upjto 
90 kg/ha. Kannan and Paliwal (1995), working on cassia {Cassia siamea), reported 
that application of N fertilizer had positive effect on growth but application of P or K 
separately or in combination did not show any significant effect. However, both 
fertilizers (P or K) in combination with N showed a positive effect. 
Michell and Farris (1996)^conducting a trial on peppermint (Mentha piperita), 
found that optimum dry matter yield occurred at N rates of 245 and 188 lb/acre and 
optimum oil yield at N rates of 245 and 252 lb/acre for first and second year, 
respectively. Saxena and Singh (1996) reported that the agronomic efficiency in terms 
of oil production for Japanese mint (Mentha arvensis L.) was H«ted-as 0.28 kg oil/kg 
as a result of application of N at 100 kg/ha. Nitrogen at 150 kg/ha increased oil yield 
by 40.4% and N uptake by 48.5% over the control. 
Chalapathi et al. (1997) in a field trial on stevia (Stevia rebaudiana Bertoric) 
observed the highest NPK uptake with the application of N, P and K at 60, 30 and 45 
kg/ha respectively. Muniramaappa et al. (1997) working on Kalmegh (Andrographis 
peniculataVTeported that application of N and P at 100 and 75 kg/ha respectively 
produced tallest plantsj\maximum plant spread, number of branches, leaf area, fresh •> 
and dry weight per plant and herbage yield per hectare. 
Rehman et al. (1997) conducted a pot experiment on peppermint (Mentha 
piperita L.). They found that the foliar spray of urea increased number and weight of 
leaves, number of branches, leaf area, total weight of leaves, length of branches and 
oil content of leaves. 
Ramu and Farooqi (1997) carried out an experiment on rosette (Hihiais 
sahdariffa L. var. Sabdariffa). It was reported that an application of nitrogen at 250 
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kg/ha enhanced most of the growth and yield parameters and nutrient uptake 
significantly. However, the maximum seed yield was obtained with 200 kg N/ha. 
Rastogi et al. (1997) studied the effect of N on clary sage {Saliva Sclarea L.). N was 
applied at various levels, viz. 30, 60, 90 and 120 kg/ha. It was found that 90 kg N/ha 
produced maximum shoot yield (60.52|q)4ia) and essential oil yield (38.77 1/ha). The 
effect of 90 kg N/ha was significantly higher over other levels of nitrogen. Rao et al. 
(1997) conducted a field experiment on davana {Artemisiapallens Wall. exD.C). The 
crop was treated with nitrogen at 0, 80 or 160 kg/ha. Application of 90 kg N/ha 
resulted in enhancement of biomass production, essential oil yield and NPK uptake. 
ShahiduUah et al. (1997) observed the highest percentage of oil in spearmint 
{Mentha spicata L.) with an application of 200 kg N/ha. However, plant height,' 
number of branches per plant and herbage yield increased progressively with increase 
in N rate upto 175 kg/ha. 
Shanthaveerabhadriah et al. (1997) observed in a fiold traak a significant 
response of cardamom {Elettaria cardamomum Maton) to N, P, and K at 100, 50 and 
100 kg/hayespectively. V/ 
Menghini et al. (1998) noted the effects of application of urea on the leaves of 
bacha {Acorus calamus L.). It was observed that appHcation of urea significantly 
increased the photosynthetic rate vs. incident light (Photosynthetic Photon Flux 
Density), chlorophyll and carotenoid contents. 
Pintro et al. (1998) observed that the addition of N increased plant height, 
number of leaves, leaf area and shoot dry weight of erva-mate {Ilexparaguariensis st. 
Hill). However, P and K did not affect these parameters. 
Rao et al. (1998)^ in a field experiment noted a positive response of 
lemongrass {Cymbopogon flexuosus) to nitrogen at 100 kg/ha under irrigation and 75 
to 80 kg/ha under rainfed condition. Essential oil concentration and quality were not 
aftected by N application. Moreover, crop did not respond to the application of P and 
K. 
Shujun et al. (1998) performed an experiment on lour {Leonurus Artemisia 
S.Y.HU.). They found that application of P influenced fresh plant weight, leaf growth 
rate and tiller number most positively followed by N and K fertilizer. However, 
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chlorophyll accumulation was maximum with N fertilizers. Solanki et al. (1998) 
found that application of 90 kg N/ha increased plant height and leaf area index of 
opium poppy (Papaver somniferum L.). Subramanian and Kumar (1998) studied the 
effect of N, P and K on quality of coriander {Coriandrum sativum). It was observed 
that essential oil and oleoresin contents were higher with 30 kg N + 60 kg P + 20 kg 
K7ha. Wasnikar et al (1998), performing an experiment on betel {Piper hetle), 
showed that application of P2O5 at 100 kg/ha gave maximum height, number of 
leaves/vine and fresh weight of 1000 leaves. With regard to keeping quality, all P2O5 
treatments except 25 kg/hajmproved it. 
Ali et al. (1999)^conducting a field trial on peppermint (Menthapiperita), -asd-
found that 300 kg N/ha and 100 kg P205/ha were best doses for dry matter and oil 
yield. Chadha et al. (1999) reported that for African marigold (Tagetes erecta L.), 
plants had highest number of leaves and branches per plant and maximum plant 
wfl«c-t: height with 60 kg N/ha fok-plants treated with 75 kg P205/ha had thickest stem and 
maximum plant spread. Dayanand et al. (1999) conducted an experiment on 
fenugreek (Trigonella foenum-graecum L. cv. Rmt-1). They observed that an 
application of P u^o 40 kg/ha enhanced total N uptake significantly. 
Lakshmipathaiah et al. (1999) made a study on babchi {Psoralea corylifolia 
L.). It was observed that 100 kg N/ha gave the highest values for plant height (123.6 
cm), plant spread (458.8 dm^), number of branches (22.4), number of leaves 
(273.8) leaf area (1016.8 cm )^ and seed yield (13.4aha). 
Mann and Vyas (1999) conducted a field experiment on isubgol (Plantago 
ovata Forsk.). The crop was supplied with four N levels, viz. 0, 15, 30 and 45 kg/ha. It 
was found that plant height, leaves per plant and dry matter accumulation increased 
up to 45 kg N/ha. The N, P and K uptake was also enhanced by the highest level of N. 
Ram et al. (1999) performed a pot trial on chamomile (Chamomilla recutita). They 
noted that growth parameters^such as plant height, plant spread, number of branches.N* 
dry weight of shoots and flower yieldjncreasecrup to 60 kg N/ha (significantly^ The 
highest flower yield was registered with the combined application 
of 120 kg N + 50 kg P2O5 + 50 kg K20/ha. 
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Chauhan et al. (2000) studied the performance of different menthol mint 
{Mentha arvensis L.) genotypes to N appHcation. The genotypes Kalka and Gomti 
responded significantly gi respect err herb and oil yield up to 200 kg N/ha, jtewever 
Himalaya and Kosi, upfo 150 kg N/ha. Esendal et al. (2000) found that application of 
N at 150 kg/ha produced highest fresh and herb yield of datura {Datura stramonium 
Masarovicova et al. (2000)-whik^tudyTng*the effect of high nitrogen [2.0 mM 
KNO3 and ,1.5 mM Ca(N03)2] and low nitrogen [198.8 ^M KNO3 and 150.8 ^M 
Ca(N03)2] supply on species of karwinskia {Karwinskia parvifolia and Karwinskia 
humboldtiana). They reported that both species grew faster at high nitrogen supply. 
Photosynthesis, leaf respiration, root respiration, quantum yield, concentration of 
chlorophylls (a, b, a+b), specific leaf area and leaf mass ratio were higher in plants 
grown at high nitrogen supply. 
Ojha et al. (2000), working on the field grown spearmint {Mentha spicata), 
reported that application of 120 kg N/ha proved best with regard to the yield of crop. ^ 
^ ^ - . _ — . . • • 
' Tiwari et al. (20001/reported that application of N at the rate of 100 kg/ha" 
increased the growth and yield of bacha {Acorus calamus), including the fresh and dry 
weight of rhizomes. 
Kattimani et al. (2001) fourid that increasing rates of nitrogen (75 to 
^ • • 
225 kg/ha) significantly enhanced Uineai'ly Yhe biomass and essential oil yields and 
nitrogen, phosphorus and potassium uptake of Japanese mint {Mentha arvensis L.). 
The crop responded to phosphorus levels upio 40 kg/ha. Combined application of 225 v 
kg N/ha and 40 kg P205/ha resulted in highest biomass and essential oil yields, and 
nutrient uptake. 
Rai et al. (2002)^conducting a field trial applied nitrogen at 0, 30, 60 and 
90 kg/ha and phosphorus at 0, 25 and 50 kg P/lia to fennel {Foeniculum vulgare L.). y. , 
j>iii\& reported that increasing levels of N or F increased linearly plant height, number 
of branches/plant, number of tillers/plant, length of internode and plant spread 
Combined application of 90 kg N/ha and 50 kg P/ha proved best for most parameters.^ 
including seed yield. 
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2.4 Phytohormones 
5 • 
Phytohormones or plant hormon^ are organic compounds synthesised in one 
part of plant and translocated to another part, where in very low concentrations they 
cause biochemical, physiological and/or morphological responses (Salisbur^y and 
Ross, 1992). Since the sites of synthesis and sites of action are separate, riws. transport ' 
either from cell to ceU or from organ to organ is necessary. The translocation of 
phytohormones takes place in both phloem (Weiler and Ziegler, 1981) and xylem. 
The prevailing direction of transport depends on type of phytohormone and 
developmental stage oy)lant (Marschner, 1986). 
Phytohormones are extremely important agents in the integration of 
developmental activities. The synthesis and action of phytohormones are affected by 
environmental factors such as temperature, dayngwand nutrient supply, which exert " 
inductive effects by evoking phytoftormone balance within the plant. Generally 
mechanism of action of phytohormones is poorly understood. 
Each phytohormne has a broad action spectrum i.e. the same pytohormone can 
affect or regulate various processes depending on its concentration and conditions at 
the sites of action-the receptor sites (Marschner, 1986). The hormone receptors and 
binding proteins have been identified on membrane surface that are specific for some 
A 
phytohormones (Sahsbury and Ross, 1992). 
Phytohormones play a dominant role in the regulation of growth and 
development throughout the plant kingdom. But still we are far from a total 
understanding of their mode of action at cellular and molecular level. However, 
several mechanisms or combinations may be operative. Control of genetic expression 
has been demonstrated for phytohormones at both transcriptional and translational 
levels. 
Phytohormones are used in crops for purposes slich as induction of rooting, 
promotion of abscission, control of fruit development and size, weed control and 
many other responses (Marschner, 1986; Arteca, 1996). In addition, phytohormones 
'IraOr D een extensively used to induce early flowering.-t^ipripening and to improve 
yield of crops (Nickell, 1982). The increase in yield was probably due to alteration in 
assimilate pattern (Addo-Quaye et al, 1986; Subrahmanyam, 1988). They have long 
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been implicated in assisting in assimilate translocation and in their effect on the 
sink-source relationship (Patrick, 1982; Thomas, 1986; Patrick and Steains, 1987; 
Pereto and Beltron, 1987; Khan and Samiullah, 2003). 
Auxins, gibberellins, cytokinins, ethylene and abscisic acid are the classical 
five families of plant growth substances and are now supplemented with 
brassinosteroids andUjasmonic acid (Dewitte and Onckelen, 2001). 
In the following pages, attention is given towards gibberellins and cytokinins 
as these two phytohormones have been included in the present study^A 
2.4.1 Gibberellins 
Gibberellins (GAs) are chemically closely related with diterpenes, which are 
themselves members of vast group of naturally occurring compounds in plants called 
terpenoids. The discovery of gibberellins dates from 1898, when Korishi, for the first 
time described "bakanae disease" (fooUsh seedling) of rice with characteristics 
symptom.s of tall spindy plants (Arteca, 1996). 
In 1926, Kursowa/.fe^-4iie first reported gibberellin from cell culture of 
Gibberellafujikuroi. In 1938, Yabuta and Sumiki^ were successful in isolating a small 
A u^ 
quantity of highly active crystalline material from sterile culture filtrates aod was 
given the name "gibberellin A". In 1954, British researchers (Brain et al., 1954) 
identified and chemically characterized a pure compound from culture - filtrates of 
Gibberellafujikuroi. They called this new substance "gibberellic acid". 
The number of GAs now known from all sources is about 121 (Hedden, 1999). 
High levels of gibberellins have been found in immature seedsj! and cell free extracts 
from seeds possess the abihty to synthesize which are not transported out of the seeds 
(Takahashi et al., 1991). Young leaves are thought to be major sites of gibberellin 
synthesis. Roots nave (also/ability to synthesize gibberellins, which are transported to 
shoots via xylem sap (Salisburry and Ross, 1992). Transport of exogenously applied 
Gy\s occurs in phloem as noficed by McComb (1964)vwyie Chin et al. (1967) 
reported that the movement of applied GA is related to carbohydrate transport within 
plant. 
Exogenous application of GAs has been shown to relieve certain types of 
dormancy including physiological dormancy, photodormancy and thermodormancy 
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(Hartmann et a/., 1990), and to promote flowering in a variety of plant species under 
non-inductive conditions (Zeevaart, 1983; Harkess and Lyons, 1994). Gibberellins 
stimulate a-amylase and other hydrolytic enzymes promoting hydrolysis of storage 
reserves (Yomo, 1960; Paleg, 1960a, b). 
I The influence of gibberellins include parthenocarpic fruit development 
k senescence, promote cell growth, increase cell wall plasticity, stem elongation, growth 
of whole plant (SaUsbury and Ross, 1992; Taiz and Zeiger, 1998). Cell division in 
shoot apex, especially in the more basal meristematic cells from which develop the 
long files of cortex and pith cells (Sachs, 1965). Exogenous application of GA3 
stimulates photosynthetic rate and activity of ribulose biphosphate 
carboxylase/oxygenase (Wareing et al, 1968; Hoad et ai, 1977; Arteca and Dong, 
1981; Naidu and Swamy, 1995), phloem loading (Baker, 1985), increase jifrate of 
transpiration and stomatal aperture (Linvine and Vaasida, 1965), relative growth rate 
(Arteca et al, 1985, 1991), and inhibits adventitious root formation (Salisbury and 
Ross, 1992; Arteca, 1996, Taiz and Zeiger, 1998). It has been reported that exogenous 
application of GA accelerated the seed germination (Karseen et al, 1983; 1987; Groot 
and Karssen, 1987; 1992; Groot et al, 1988; Mayer and Mayber, 1989; Takahashi, 
1992; Arularasu and Sambandamurthi, 1999; Naidu, 2001). Considering the numerous 
effects of gibberellins, it seems logical that they would be used m commercial 
apphcations. 
2.4.2 Cytokinins 
Cytokinins are substituted adenine compounds that promote cell division and 
other growth regulatory functions in same manner as kinetin i.e. 
6-furfurylaminopurine (Arteca, 1996). 
The discovery of this group of plant growth hormones came from work 
uoncerned with in v/7rox^Studies by Haberlandt in 1913^demonstrated that an 
unknown compound present in vascular tissues of various plants stimulated cell 
division that caused coc^-cambium formation and wound healing in cut potato tubers. -
This discovery was apparently the first demonstration that plants contain compounds 
now called cytokinins (Salisburry and Ross, 1992). Miller et al (1955b) found that a 
very active compound^ obtained from aged or autoclaved herring sperm -^  
9S 
deoxyribonucleic acid (DNA). Tliey named the compound kinetin (6-furfuryl amino 
purine) because of its ability to promote cell division or Cytokinesis in pith tissue 
(Miller et a!., 1955a). Further it was found that kinetin also could be formed from 
DNA degradation products (Hall and deRopp, 1955). Moreover, numerous cytokinins 
have been discovered and shown to be ubiquitous in plant kingdom. The chemistry 
A 
and biological activity of more than 200 natural and synthetic cytokinins was 
reviewed by Matsubara (1990). 
Cytokinin i^  involved in the regulation of photosynthetic rate and source/sink 
balance. In addition, cytokinins in root y; directly proportional to nitrogen supply 
(Sameulson et al., 1992; Samuelson and Larsson, 1993; Wagner and Beck, 1993; 
Takei et al., 2001). Movement of cytokinins in transpiration stream from the roots to 
A 
shoots stimulates the expression of photosynthetic genes consequently rubisco 
enzyme (Lerbs et al., 1984), light harvesting chlorophyll a/b binding protein (Flores 
and Tobin, 1989) and phosphoenolpyruvate carboxylase (Suzuki et al., 1994). 
C'/tokinins delay leaf senescence (Van staden et al., 1988; Gan and Amasino, 1995; 
Jordi et al., 2000) and offset effects of sugars and light (Wingler et al., 1998; Jordi et 
A 
al., 2000). Application of cytokinin can mimic the nitrogen-dependent regulation of 
gene expression in photosynthesis (Sugiharto et al., 1992), cell cycling (Soni et al., 
1995; Riou-Khamlichi et al., 1999) and translation machinery (Suzuki et al., 1994). 
The major site of the biosynthesis of cytokinin is believed to 
non-photosynthetic tissues such as root tips (Feldman, 1975; Jameson et al, 1987), 
apical meristems (Koda and Okazawa, 1980) and immature seeds (Blackwell and 
Horgam, 1994). It also has been reported that cytokinin synthesis occurs in stems and 
leaves (Chen et al, 1985). The response which are elicited by cytokinins involved in 
cell and organ enlargement, delay of senescence, stomatal opening and closing, bud 
and shoot development, preferential translocation of nutrients and organic substances 
(Ajteca, 1996). Cytokinins play their role in activation of cell growth in leaves 
(Kulaeva et al, 1996) and promote chloroplast differentiation, and retard leaf 
senescence (Kulaeva, 1973; Kulaeva et al, 1996; Selivankina et al, 2001). 
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2.5 Response of crops to plant growth regulators 
"The plant growth regulators have gained wide acceptance for optimizing tj*^ 
yield of plants by modifying growth, development and stress behaviour. Several 
investigations have shown the effect of these compounds on plant growth, 
development p^ o^ primary metaboUsm (Pharis and King, 1985; El-Keltawi and " 
Croteau, 1987; Naiem et al, 1987; Naidu and Swamy, 1995; Gocal, 2001; Pandey et 
al, 2001). 
The. available literature on the effect of plant growth regulators particularly of 
gibberellic acid and cytokinin on the performance of crops^hasten reviewed in the 
following pages/A 
Gaurdia and Benlloch (1980) observed marked increase in plant height when 
sunflower plants {Helianthus annuus L.) were treated with lOpl of GA3. However, 
they could not observe any appreciable enhancement in dry matter of the same crop 
with the application of GA3. Erkam and Bengerth (1980) reported that gibberellins 
increased photosynthesis process of pepper {Capsicum annuum L.). 
Arteca and Dong (1981) reported that photosynthetic rates increased about 40 
to 50% with 1.4pM GA3 treatment to the roots of tomato {Lycopersicum esculatum 
L.). Karnick et al. (1981) conducted trials on shoorapunkha {Tephrosia purpurea 
L J 
Pers.). They noted that plants treated with GA, flowered earlier and mcreased > 
leaves/shoot and plant content? ^ncMfid alkaloids, glycosides, ^carbohydrates. ^ 
Venkataramiah and Swamy (1981) reported that the foliar application of GA3 (10, 
100, 200 and 500 ppm) enhanced plant growth, internodal elongation and net 
assimilation rate in red sanders {Pterocarpus sanlalinus L.). Application of 500 ppm 
GA3 gave the highest values when compared with the rest of concentrations. 
Nandi and Chatterjee (1982)^ > analysed dautra {Dautra innoxia) for total ' 
alkaloid and nitrogenous content| m'response to GA3 treatments. They found that' 
GA3 at 25 or 200 ^ y ^ m l increased alkaloid biosynthesis, all three types of N *' 
et>-ftteftte (total N, protein N and soluble N), rate of extension growth during the 
vegetative stage and total number of flowers/truss. 
Nandwal and Bharti (1982) working on pea {Pisum sativum L.) reported that 
plant height, fresh and dry weights and yield components increased with increasing 
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application of kinetin up to 44 x 10"^  MjJ^hilst, efficiency of nodules to fix nitrogen 
was maximum with the application of kinetin at 22 x 10'^  M. Mostafa et al. (1984) 
studied the effect of growth regulators on dautra (Dautra innoxia). They showed that 
kinetin increased leaf alkaloid content, •toTwwbr GA had an adverse effect on the 
alkaloid content. A{d^ 
Abdalla et al. (1985) studied the influence of spray-ef kinetin at 12.5, 25.5 and 
A 
100 ppm on annua (Adonis aulumalis L.). It was reported that kinetin increased plant 
height, stem, diameter, branch number, plant weight, flower number and weight and 
fruit weight and hastened flowering. Increases were proportional to the 
concentrations. 
Arteca et al. (1985) observed that application of GA3 on Pelargonium^^plants 
stimulated relative growth rate and reduced transpiration rate. However, net 
photosynthetic rate and total chlorophyll content were unaffected. xtS^^ijC 
Minu (1986) studied effect of different concentrations of Kn (10 to 100 ppm) 
on eleven cultivars of lamk (Leucaena lecocephala). It was found that for noted 
S parameters, some cultivars showed positive response and some exhibited inhibition ^ i 
all concentrations. However, one or more length parameters, fresh and dry weights 
were p^niotfi'l^y lower concentrations only. ' 
Gorgiev and Cvetanovske (1987) reported that GA3 application at 60 pprn^ 
increased dry matter production depletion of chlorophyll contents, increased content 
of carotenoids at rosette and maturity stage, but decreased it at flowering. -Whilst,-^  
(contents of chloropiast pigments decreased during growth of poppy (Papaver -
somniferum L.). in 
El-Keltawi and Croteau (1987) observed influence of cytokinins on growth ' 
A 
and essential oil content of peppermint {Mentha piperita) and spearmint {Mentha 
spicata). They reported that foliar-applied cytokinins at 1 to 10 ppniy showed 
<7\ promoting effect on groMh and essential oil yield. The increase in growth and 
essential oil yield was up to two foldyon fresh weight basis in comparison with the 
control. 
Raghava and Murty (1988) in a study on cape-gooseberry {Physalis peruviana 
and Physalis angulata)^ reported that the total fresh and dry weights of plants VjL 
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increased by application of all concentrations of GA3 (100, 200 or 500 ppm) and 
kinetin (10, 25 or 50 ppm). 
Sharma el al. (1988) studied the effect of spray application of GA3 (50, 100 
and 200 ppm) on bergomint (Mentha ciirata Ehrh). They reported that the crop 
showed .increasing trend in herb and oil yields as well as yield attributing 
characteristics, viz. height and number of branches as the result of the GA application. 
Increase in herb yield under 200 ppm of GA3 compared with 0, 50 and 100 ppm was 
88.3, 53.9,and 30.8%^respectively. Similarly, spraying of 200 ppm of GA3 improved 
the yield of essential oil to the extent of 92.8, 55.1 and 30.4% compared with the 0, 50 
and 100 ppm respectively. The percentage increase in tjje Unayl acetate was 36.3 at 
100 ppm GA3 in comparison with rest of treatments ef GA3. 
Vimala (1990) while studying the effect of growth regulators on foUaceous 
cotyledonary leaves of cummunis (Ricinus communis L. and Cummunis sativus L.), 
reported that application of gibberellic acid and kinetin increased fresh weight and 
amount of total chlorophyll in both species. ^ 
(^hru and Gupta (1991) registered the nutrient status ofkNerium oleandern and 
tUrginea indicd] as influenced by growth regulators. It was shown that shoot K 
contents? were highest at fruitmg stage (6.22, 6.31 and 6.21%) in plants receiving 100 
ppm, 10 ppm 2,4-D and 10 ppm TIBAj-espectively. In Urginea indica, shoot P and K 
contents were higher for 50 ppm GA3 and 10 and 100 ppm TIBA. 
Vasundhara et al. (1992) treated plants of marjoram {Majorana hortensis 
Moench) with GA3 at 100, 200 and 300 ppm. They found a stimulatory effect on plant 
height, number of branches and plant spread. GA3 at 200 ppm was found to increase 
the fresh herb recovery feeewliag maximum oil yield. 
Farooqi et al. (1993) observed the effect of fohar application of kinetin (5, 10 
and 20 mg/I) on flower and oil production in damasakrose {Rosa demascena). They 
6fKris found that application  p at 20 mg/1 significantly increased number of flowers per 
plant, flower and oil yield. However, effect on flower weight was not significant. 
Kinetin applicationi also increased citronellol plus geranyl acetate level in the oil by 
13% and 24% ovefcontrol lJiV/20 mg/1 
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Singh and Hippalgaonkar (1993) observed the effect of fohar applied kinetin 
on patchouli {Pagostemom cahlin Benth.). It was noted that all applied concentrations 
showed an increase in axillary bud development, number of leaves, total leaf area per 
plant, herbage yield, chlorophyll content, leaf gland number and oil yield. Among 
applied concentrations, 0.5 x 10" M was found most effective in improving 
growth and increasing oil yield. 
Agarwal et al. (1994) observed that uptake of nitrogen, phosphorus and 
potassium in berseem {Trifolium alexandrium L.) was maximum in aboveground parts 
due to the spray of GA3 at 50 ppm. Maximum net loss of nutrients through litter and 
roots was found at 25 ppm of GA3. A 
VEl-Shourbagy et al. (1994) recorded an increase in plant height of flax {Linum 
usitaiissimum L.) and also an increase in phosphorus, potassium and calcium 
accumulation in all plant organs under the application of GA3. A.. 
\Naidu ad Swamy (1995) studied the effect of foliar application of GA3 (50, 
100 and 200 ppm) on three tree species namely Dilachemdrene atrovirens, Eugenia 
jemholema and Terminalia bellerica. The results revealed that all applied 
concentrations of GA3 increased shoot length, internodal elongation, leaf area, 
biomass production, chlorophyll content, RUBP carboxylase activity, protein content 
and rate of photosynthesis in all three species. However, highest concentration of GA3 
was found to be superior than other two concentrations applied. 
Farooqi et al. (1996) studied the effects of gibberellic acid and kinetin on the 
performance of sweetworm {Artemisia annua). Application of GA3 at 50 mg/1 
significantly increased plant height and also increased artemisnin content and yield, 
43% and 39% respectively over the control. Howe^^r, Wien plants were harvested at 
maximum flowering stage, plant height and dry weights were increased significantly 
by application of GA3 at 25 mg/1 wftue application of 50 mg/1 was less effective. Oil " 
yield was also increased by 42% at 25 mg/1 of GA3, The herbage and leaf yield was 
significantly increased by the application of kinetin at 20 mg/1, but decreased 
artemisinin content. Application of kinetin at 10 mg/1 significantly increasing both oil 
content and yield. 
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Bhaskar et al. (W97) conducted a trial to study the influence of growth 
regulators such asmBAtoS, 50 and 100 ppm) and kinetin (50, 100 and 200 ppm) on 
patchouli (Fogostemonpatchouli). Maximum fresh herbage (3.23 t/ha) and oil yield 
(24.44 kg/ha) was found with the application of TIBA at 100 ppm and kinetin at 200 
^f\ . ftll 
ppm. Both herbage production and oil content showed mcreasing trend with mcrease 
\ ^ 
in concentration of each growth regulator alone or in combination. 
Jose (1997) studied the effect of GA3 on piper {Piper sylvaticum). It has been 
found that all apphed GA3 concentrations (25 ppm, 50 ppm or 100 ppm) increased 
internodal elongationjfspeciel and yield. El-Sallami (1997) performed an experiment 
on narcissus (Narcissus tazetta) plants. Apphcation of GA3 ana IBAjeach at 300 ppm, 
gave the highest values for number and fresh weight of leave^-^r plant, length of 
panicle as well as earliest flowering. GA3 (200 ppm) gave the highest percentage 
contents of N and P in leaves. However, all applied concentrations of GA3 decreased 
chlorophyll and carbohydrate conttem! ' 
Premabatidevi (1998) observed that fohar application of GA3 and kinetin each 
at 10 ppm showed significant increase in nitrate reductase and nitrate reductase 
activities in the leaves of legume iParkiajuranica MERRl. •^ 
( Farooqui et al. (1999) studied the effects^oTFifletiSand gibberellic acid alone 
or in combination on pyrethrum (Crysanthemum cinerariaefolium). It was reported 
that kinetin and gibberellic acid alone or in combination enhanced the number of 
flowers per plantiaft4jeeds treated with GA3 at 100 ppm showed better germination. 
The pyrethrin content and pyrethrin yield "wjts increased by 39% and 27% 
fW/ . . 
respectively, over control with the application of kinetin. 
K 
Singh et al. (1999), working on spearmint {Mentha spicata), reported that 
application of GA3 and ethrel induced significantly phenotypic changes. EthreStreated 
plants had significantly lower contents- off ChlJ(a+b)/ Chi k decreased photosynthetic 
ratfi, stomatal conductance, internal transpiration rate and plant height compared with 
{•control^ 
/Gupta and Datta (2001), working on chrysanthemum (Chrysanthemum 
morifolium, RAM AT), found that application of GA3 at 100 mg/1 ^ovs^omaximum 
increase in plant height, leaf size, stem diameter and flower yield per plant. 
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Balvanyos et al. (2001) observed the effect of kinetin on Lobelia inflata. It 
was noted that kinetin significantly decreased growth and lobeline production and 
strongly inhibited biomass formation at 5 mgl\.-4 
(Borse and Dhumal (2001) observedjr in a pot triaL that GA3 treatment 
significantly reduced the spines on leaves and stem of Solatium khasianum. Whilst, 
active principle solasodine content was considerably enhanced with GA3 oWr control 
Singh and Misra (2001), studying on' spearmint {Mentha spicata var. MSS-5), 
noted an enhanced fresh weight biomass, leaf stem ratio, leaf area, specific ^a f 
weight and chlorophyll content with gibberellin (GA)/|and ethrel at i000|ig/l 
Limonene increased significantly in ethrel and GA treated genotypes. 
2.6 Response of crops to mineral nutrients and plant growth regulators in 
combination 
It is well established that in all species of plants growth involves hormonal 
control. There .-ate, increasing evidence! that environmental factors such as 
temperature, day length and water stress may affect endogenous hormone levels. 
Likewise, deficient and toxic levels of nutrients can affect the concentration of 
specific hormones, and in turn hormones have the capacity to direct the translocation 
and accumulation of nutrients in plants (Kuiper, 1988; Kuiper et al., 1989). Further, 
effects of mineral nutrients on plant growth and yield are most likely caused primarjM 
by their influence on phytohormone balance in the plant. Considering the complex 
interactions of plant hormones and the multiplicity of plant function^ they control, the 
impact of nutrients •©» hormones is an important issue (Whenham et al., 1989; 
Thorsteinsson and Ehasson, 1990; Arshad and Frenkenberger, 1991; Cao etal, 1993)., 
^Mi |)\Mtn the following pages, an effort has been made to review the available 
lit(jrature regarding the combined impact of mineral nutrients and phytohormones on 
performance of various crops. 
Alvim (1960) working on bean (Phaseolus vulgaris L.) reported that urea 
sprays decreased plant height and leaf area when applied alone but had a stimulative 
effect when applied with gibberellic acid. 
-<juardia and Benlloch (1980) while studying on sunflower {Helianthus annuus 
L.) reported that apphcation of GA3 in combination with potassium enhanced plant 
weight maximally as compared to the individual apphcation of GA3 or potassium/(Jlu')^ 
^. J Bangal et al. (1982) found that foliar spray of growth regulators (2,4-D, 
rAtrataf, NAA and CCC) and urea affected the grain weight per plant of gram (Cicer 
arietinum L.). Significant increase was observed in seed yield with combined 
application of NAA (25 ppm) and urea (1%). 
Simpson et al. (1982^ while studying oif wheat seedhng {Triticum aestivum L. 
cv SUN9E)if reported that growth rate, N concentration and N uptake in roots and 
shoots and translocation of C to total root system were increased with kinetin 
K 
apphcation to NOs-fed roots compared with NOs-free roots. -^ 
CMeward et al. (1984), working on chamomile (Mafr/cana chamomilla), 
concluded that apphcation of N at 300 kg/feddan in combination with GA3 at lO^ BlOO 
ppm or ethephon at 1^0 ppm or cycocel (chlormequate) at SOJlbOO ppm or 
diaminozide at 50^500 ppm proved best in respect of growth and essential oil yield. 
Grewall and Gill (1986), performing an experiment on paddy (Oryza sativa 
A 
L.), reported that leaf area index and chlorophyll content were increased with foliar 
spray of NAA and nitrogen. However, more beneficial effect on grain yield under low 
level of N (0 and 60 kg N/ha) was observed. This improvement was associated with 
number of ear-bearing shoots/plant, number of filled grains/panicle and grain weight. 
Sawan et al. (1988) observed an enhancement in seed yield of cotton 
{Gossypium barbedense L.) under combined application of growth regulators 
IB A and NAA) and increasing levels of nitrogen (72, 144 or 216 kg/ha) and 
phosphorus (36 or 72 kg P205/ha). Oil percentage was found to be influenced with the 
application of growth regulators andhigh P level, and followed an upward trend-?*; J 
lUppar and Kulkarni (1989) observed that highest yield of" sunflower 
{Helianthus annuus L.) was associated with nitrogen application in combination with 
TIBA (250 ppm). ^ 
'~"t!raii ob»fcrv'atiofl». Grewal et al. (1993) observed a reduction in plant height 
and leaf area index of mustard {Brassica juncea L. Czern & Coss.) by the foliar spray 
of (XC and ethrel. However, at 50 kg N/ha in combination with 250 ppm CCC or 500 
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ppm ethrel, the crop retained more leaf area index. Further at 100 kg N/ha, 500 ppm 
CCC and 1000 ppm ethral proved more beneficial. Chlorophyll content in leaves was 
significantly improved when CCC (250 and 500 ppm) or ethrel (500 ppm) was 
applied in combination with 50 and 100 kg N/ha. 
Kalita et al (1995) conducted an experiment on green gram (Vigna radiata L. 
Wilczek, cv. AAU-34). They applied 0 (water), P and NAA in different combinations 
as foliar treatments. The treatment combination 3.0% P2O5 + 100 ppm NAA increased 
dry matter accumulation/plant, nitrogen accumulatio_iyifl. plant, highest seed yield, 
number of pods/plant and seeds/pod. 
A pe]/9(iial of foregoing review of literature reveals that various plants respon 
not only to applied nutrients but also to meir various ier^ i^ is under various 
a^ f^^ -^HtiTwfi^ '-rrnTdiTi'^ hs~A--^ <^ "^ ''ffpni-tf; grp ^\^n. there that phytohormones are potent 
_cliemi£alg-4br~eirfmncing perfijrmafiee of -starious crops. However, information 
regarding the interaction effeeTof mineral nutrients wtth phytohormones on medicinal 
plants particularly on Mentha arvensis is almost negligible. Therefore, an in depth 
study on the effect of nitrogen, phosphorus, gibberellic acid and kinetin application 
alone as well as in combination is highly desirable^— L ' ' ^ ' ^ : 
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Chapter 3 
MATERIALS AND METHODS 
The details of the materials used and the methods followed during the course 
of the six pot experiments (2000 and 2001) are presented in this chapter. 
3,1 Experimental material 
Suckers of Japanese mint {Mentha arvensis L.) were used as experimental . 
material. 
3.1.1 Nomenclature ' ' ' 
Four commercially cultivated mentha species are available in India. These 
include Japanese mint (Mentha arvensis L.), pipermint or mitcham mint {Mentha 
piperita), spearmint {Mentha spicata) and bergamot mint {Mentha citrata). 
Japanese mint {Mentha arvensis L.) is known by various names. In Sanskrit, 
piithea; Hindi, pudina, podina; English, corn mint; German, minze; Unani and 
Kashmiri, pudinah; Arabian, putnaj; Japanese, midorihakka. 
3.1.2 Botanical description 
Mentha a small genus of aromatic perennial herb belongs to family Lamiaceae 
(Labiatae). These perennial aromatic herbs have been in use by mankind since ancient 
times but its commercial cultivation in India has been taken up recently. 
3.1.2.1 Morphological characters 
The Japanese mint {Mentha arvensis L.) is erect branched herb, vigorous in 
A. / 
growth and grows up to 1 m height under cultivation with rootstock creeping along or 
remain under the ground surface. The leaves are lanceolate to oblong, 3/10 cm long,vi 
sharply toothed, sessile or shortly petiolated. Flowers are arranged in cyme,^3ihieh are^ 
A. /Ac 
usually sessile or rarely pendunculate. Flowers are purple and minute in size. CaJyx is 
2.5^3.0 mm long narrowly deltoid and accuminate, whereas corolla is white to purple, 
fff" ' v ^ 
4y.5 mm long. The leaves, stem and calyx bear glandular and non-glandular hair The 
glandular heads of these hairs possess volatile oil. Diacytic stomata are present on the 
lower surface of the leaf 
iiL 
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3.1.3 Habitat 
It is cosmopolitan in habitat and found chiefly irf warm, dry temperate regions. 
It is also found at an altitude of about 4000 to 9000@n Kashmir. 
3.1.4 Medicinal properties and uses 
The plant is aromatic. The dried plants are given in the form of "sharbat" or 
syrup for its cooling and diuretic effects. It is used as antiseptic, carminative. 
Stomachic and(refrigerant.J|t is considered to be stimulant and emmeriagogue. Juice of 
VMeaves is given iii3larrhoea and dysentery. Infiision of leaves is used in rheumatism 
and indigestion. 
3.1.5 Ayurvedic description 
Rasa - katu; Guna - laghu, rooksha, teekshna; Veerya - ushna; Vipak - katu. 
liqo-c 3.1,6 PhysioQ hemical properties of oil 
^ dJU 
The physice-chemical properties, viz. specific gravity (20°C) 0.8942-0.9054, 
optical rotation (20°C) 0.8942-0.90054, refractive index (20°C) 1.4500-1.4995 have 
been reported for Indian Japanese mint oil (Gupta, 1995). 
3.2 Experimental site 
Six pot experiments were conducted in the net house of the Department of 
Botany, Aligarh Mushm University, Aligarh, India. 
3.3 Agro-climatic conditions 
Aligarh, a small industrial city, is one of the eighty-three districts of Uttar 
Pradesh (UP) with an area of 5,024 sq km. It is situated at 27°52'N latitude, 78°51'E 
longitude and 187.45 m altitude above sea level. It has ^ characteristic climate of 
Western Uttar Pradesh (UP), i.e. semi-arid and sub-tropical with vehemeftt dry 
summers and apathetic winters. The winter extends from the middle of October to the 
end of March. The summer starts from April to June. In this season, a gradual increase 
in temperature is recorded, which attains maximum, sometimes up to 46°C, in the 
month of June. There is a fall in the tem.perature in December and January that may 
reach as low as 15°C-aftd 13°C and the extreme minimum record for any single day is 
2°C and 5°C>i^ espectiveIy. The average rainfall is about 847 mm. More than 85% of 
total send de¥tfi rain is+esened in short span from June to September and remaining 
showers are received during winter which is useful for winter crops. 
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3.4 Meteorological parameters 
The meteorological data for the period of all experiments (Figs, la, b) were 
documented at the Meteorological Observatory, Department of Physics, Aligarh 
Muslim University, Aligarh, India. 
3.5 Soil characteristics 
Aligarh district has the same soil composition and appearance as that found 
g(;nerally in Western Uttar Pradesh (UP). Different types of soil such as sandy, loam, 
sandy loani and clay-loam are found in the district. For each experiment, the soil used 
for filling the pots was collected from various parts of a field at the depth of about 
K)k\5 cm. These samples were blended together and the composite sample was 
analysed for various physico-chemical characters of the soil. The data obtained for the 
characteristics of soil are given in Table 1. 
3.6 Filling of pots 
Each pot (diameter x height - 25x25 cm) was filled with 4 kg homogenous 
mixture of soil and farmyard manure in the ratio of 3 : 1. 
3.7 Planting of suckers 
Healthy suckers with equal number of nodes were selected and initially six 
suckers were planted at equidistant in each pot. The pots were watered slightly after 
planting. 
3.8 Thinning 
After 30 days of planting, 3 plants/pot were maintained by thinning. 
3.9 Crop protection 
In order to check the aphidsf contagion, an insecticidal spray of Dimecron-100 
was done ten days after first sampling and just before flowering. 
3.10 Weeding 
Weeding was done weekly during the entire crop season to keep the pots free 
of weeds. 
3.11 Irrigation 
The crop was irrigated as and when required during the enfire crop growth 
period. 
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3.12 Harvesting 
Plants were harvested with root'^ alongjk'ith underground suckers from each pot 
and were washed thoroughly to remove the adhered soil particles. 
3.13 Experiment 1 
This pot experiment was conducted according to a simple randomized design 
during summer season. The aim of this experiment was to investigate the effect of 
nitrogen on the performance of Japanese mint {Mentha arvensis L.). Suckers were 
planted on 20^ February, 2000. Nitrogen (as urea) was apphed at the rate of 0 
(control), 30 (116 mg/pot), 60 (232 mg/pot), 90 (348 mg/pot) and 120 kg N/ha (464 
mg/pot) at 70 days after planting (DAP). A uniform dose of muriate of potash at the 
rate of 40 kg K/ha (150 mg/pot) was also applied. Each treatment was replicated three 
times (Table 2). The crop was finally harvested on the 15* July, 2000. 
3.14 Experiment 2 
This experiment was conducted simultaneously with Experiment 1 according 
to a simple randomized design. 
The aim of this pot experiment was to assess the effect of applied phosphorus 
(as single superphosphate) on performance of Japanese mint {Mentha arvensis L.). 
The suckers were planted on the 20 February, 2000. The phosphorus was applied at 
the rate of 0 (control), 10 (99 mg/pot), 20 (198 mg/pot), 30 (297 mg/pot) and 40 kg 
P/ha (396 mg/pot) at 70 DAP. Potassium (as muriate of potash) was also apphed 
uniformly at the rate of 40 kg K/ha (150 mg/pot) in each pot. Each treatment was 
replicated thrice (Table 3). The crop was finally harvested on the 15* July, 2000. 
3.15 Experiments 
This pot experiment was conducted concurrently with Experiments 1 and 2 
according to simple randomized design. The aim of the experiment was to investigate 
the effect of foliar spray of GA3 on the performance o(Mentha arvensis L. The crop 
was planted on the 20* February, 2000. Four concentrations of GA3 at 0 (control), 
10"'*, 10'^  and 10"^ M were sprayed on fohage at 70 DAP. There were three replications 
(Table 4), The crop was finally harvested on the July 15, 2000. 
Table 2. Scheme of treatments for Experiment 1. 
Treatments Soil-applied N (kg N/ha) 
No (control) 0 
N:,o 30 
N,;o 60 
NQO • 90 
N,2o 120 
N.B. : Nitrogen treatments were applied at 70 days after planting (DAP). 
Table 3, Scheme of treatments for Experiment 2. 
Treatments Soil-applied P (kg N/ha) 
Po (control) 0 
Pio 10 
P20 20 
P30 30 
P40 40 
N.B. : Phosphorus treatments were applied at 70 DAP. 
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3.16 Experiment 4 
This pot experiment was carried out together with Experiments 1-3 in the 
same season. The aim of the experiment was to observe the effect of kinetin 
rmej on 1 (6-furflirylamino-purine}'on the performance of Japanese mint {Mentha arvensis L,). 
A. ,^^  
The suckers were planted on the 20 ' February, 2000. The crop was sprayed with 
kinetin at the rate of 0 (control), 10"", 10"^  and 10"^ M at 70 DAP. The design of the 
experiment was simple randomized. Each treatment was repHcated thrice (Table 5). 
The crop was finally harvested on the 15"' July, 2000. 
3.17 Experiment 5 
This pot experiment was conducted according to a factorial randomized design 
in the summer season. The experiment was based on the fmdings of Experiments 1, 3 
and 4. The aim of this experiment was to study the interaction effect of soil-applied 
nitirogen with exogenous supply of GA3 or Kn on performance of Mentha arvensis L. 
The crop was planted on the 20 February, 2001. Four rates of urea nitrogen (0, 60, 
90 and 120 kg N/ha) were applied to the soil at 70 DAP. The crop was sprayed with 
five rates of phytohormones (0, 10'^  and IO^'M GA3 and 10"^  and 10"^ M Kn) at the 
sarae stage (70 DAP). Plants grown with no exogenous nutrients, sprayed with double 
distilled water (Wo) constituted the control. Each treatment has three replications 
(Table 6). The crop was finally harvested on the 15* July, 2001. 
3.18 Experiment 6 
This pot experiment was carried out simultaneously with Experiment 5 
according to a factorial randomized design. This experiment was based on the 
findings of Experiments 2, 3 and 4. The aim of this experiment was to study the 
interaction effect of phosphorus with GA3 or Kn, on the performance of Mentha 
arvensis L. The crop was planted on 20 February, 2001. 
Phosphorus was appUed at the rate of 0, 20, 30 and 40 kg P/ha at 70 DAP. At 
the same stage, fohar sprays of GA3 (10"^  and 10"''M) and Kn (10''' or lO'^ M) were 
given to the plants. Control group of plants was grown with no exogenous nutrient 
and sprayed with double distilled water (Wo). The crop was planted on the 20"' 
February, 2001. There were three replicates for each treatment (Table 7). The crop 
was finally harvested on the 15* July, 2001. 
Table 4. Scheme of treatments for Experiment 3. 
Treatments Leaf-applied GA3 (M) 
Wo (control) 0.0 (water) 
JO-^MGA. 0.0001 
10"^MGA3 0.001 
lO'^MGAa' 0.01 
N.B. : Gibberellic acid treatments were applied at 70 DAP. 
Table 5. Scheme of treatments for Experiihent 4. 
Treatments Leaf-applied Kn (M) 
Wo (control) 0.0 (water) 
10''^MKn 0.000001 
10"-'MKn 0.00001 
10""MKn 0.0001 
N.B. : Gibberellic acid treatments were applied at 70 DAP. 
Table 6. Scheme of treatments for Experiment 5. 
Soil 
application 
Foliar application 
Wo 10"^MGA3 10"'*MGA3 lO'^ ^MKn 10"^MKn 
No 
N60 
N90 
N120 
N.B. : Soil and foliar treatments were applied at 70 DAP. 
Table 7. Scheme of treatments for Experiment 6. 
^ ., Foliar application Sou 
a p p l i c a t i o n ^^^ ,n-5^^^_A in-4x^^_A 10-6 
-5T, Wo 10"'MGA3 10-^MGA3 lO'^'MKn IQ-'MKn 
Po 
P20 
P30 
P40 
N.B.. : Soil and fohar treatments were applied at 70 DAP. 
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3.19 Determinations 
Samples of three plants from each pot were taken out at 90, 105, 120, 135 and 
150 DAP to study the growth, physiological and yield characteristics. 
3.19.1 Growth characteristics 
The following growth characteristics on per plant basis were studied: 
1. Plant height 
2. Root length 
3. Leaf area 
4. Leaf area ratio 
5. Specific leaf area 
6. Leaf dry weight 
7. Specific leaf weight 
8. Stem dry weight 
9. Aboveground plant dry weight 
10. Underground plant fresh weight 
11. Underground plant dry weight 
3.19.2 Physiological characteristics 
3.19.2.1 Photosynthetic characteristics 
1. Chlorophyll content 
2. Chlorophyll harvest 
3. Photosynthetic rate 
4. Stomatal conductance 
5. Photosynthetic water use effici ency 
3.19.2.2 Nutrient contents in plants 
1. Nitrogen 
2. Phosphorus 
3. Potassium 
3.19.2.3 Nutrient uptake 
1. Nitrogen 
2. Phosphorus 
3. Potassium 
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3.19.3 Yield characteristics 
On per plant basis, the following parameters were studied: 
1. Leaf number 
2. Branch number 
3. Leaf yield 
4. Stem yield 
5. Herb yield 
6. Oil content 
7. Oil yield 
3.19.4 Sampling techniques 
3.19.4.1 Growth characteristics 
3.19.4.1.1 Plant height and root length 
After washing of plant samples, shoot length and root length were measured. 
3.19.4.1.2 Fresh weight of plant parts 
Sampled plants were divided into aboveground and underground parts. The 
former part was further divided into stem and leaves. The recorded weight of each 
plant part was treated as fresh weight of that part. The herb yield was computed on the 
basis of fresh weight of stem and leaves. 
3.19.4.1.3 Dry weight of plant parts 
The plant parts, of which fresh v/eight was recorded, were dried in hot air oven 
at 80°C for two days. The dried parts were weighed and the weight was recorded as 
dry weight of different plant parts. 
3.19.4.1.4 Number of branches and leaves per plant 
Branch number and leaf number of each plant was countedj"espectively. -^ 
3.19.4.1.5 Leaf area per plant 
Leaf area (LA) was determined by gravimetric method. Leaf area of about 
10% leaves from each sample was determined by tracing the leaves on a graph sheet 
and area of these leaves was recorded. The leaf area per plant was computed on the 
basis of the dry weight of those leaves for which the area was determined and total 
dry weight of leaves of a plant using the formula: 
LAi 
LA X W2 
W, 
where LAi = leaf area of the leaves traced on graph paper 
Wi = Dry weight of leaves for which leaf area was 
traced on graph paper 
W2 = Total leaf dry weight/plant 
3.19.4.1.6 Leaf area ratio 
Leaf area ratio was determined according to Radford (1967): 
Leaf area 
LAR = 
Dry weight of shoot 
3.19.4.1.7 Specific leaf area 
Specific leaf area (SLA) represents leaf area of unit leaf biomass and was 
obtained using the formula: 
Leaf area 
SLA = 
Leaf dry weight 
3,19.4.1.8 Specific leaf mass 
Specific leaf weight (SLW) was calculated by dividing the leaf dry weight by 
the leaf area using the formula: 
Leaf dry weight 
SLW^ 
Leaf area 
3.19.4.2 Physiological characteristics 
3.19.4.2,1 Photosynthetic characteristics 
3.19.4.2,1,1 Photosynthetic rate and stomatal conductance 
Rate of photosynthesis, stomatal conductance in leaves were measured with 
the LiCOR-6200 Portable Photosynthesis System (Nebraska, USA). These 
measurements were made on fully expanded leaves of the main branch of plants. All 
the measurements were made on cloudless clear days between 11.00 and 12.00 solar 
time. 
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3.19.4.2.1.2 Photosynthetic water use efficiency 
Photosynthetic water use efficiency was calculated by dividing rate of 
photosynthesis by stomatal conductance, as described by Das et al. (1999). 
3.19.4.2.1.3 Chlorophyll content!^  
Estimation of chlorophyll corQfcnt^  a, b and total chlorophyll was done by 
adopting the method of Hiscox and Israelstam (1979). The details of the method are 
described as follows. 
3.19.4.2.1.3.1 Extraction 
Freshly plucked leaves (100 mg) were slashed into pieces and collected in the 
tubes containing 7.0 ml dimethyl sulphoxide (DMSO). The test tubes were covered 
with black paper and incubated at 55°C for 45 minutes. The solution was transferred 
to a graduated tube and the final volume was made up to 10.0 ml with DMSO. 
3.19.4.2.1.3.2 Chlorophyll estimation 
A 3 ml sample of chlorophyll extract was transferred to a cuvette and 
absorbance was taken at 645 and 663 nm on the spectrophotometer (Ehco SL-171, 
India). 
3.19.4.2.1.3.3 Calculation of chlorophyll conCJen%'<<L/5/] 
The chlorophyll content was calculated following the equation given by Arnon 
(1949). 
V 
Chlorophyll a (mg/g leaf fresh weight) = (12.7 x ODees) - (2.69 x OD645) ^ — 
lOOOxW 
V 
Chlorophyll b (mg/g leaf fresh weight) - (22.9 x OD645) - (4.68 x ODees) X 
lOOOxW 
V 
Total Chlorophyll (mg/g leaf fresh weight) = (20.2 x OD645) + (8.02 x ODeea) 
whiere V = volume of extract 
W = weight of leaf taken 
X 
lOOOxW 
3.19.4.2.1.4 Chlorophyll harvest 
The chlorophyll harvest was determined by using the formula: 
Chlorophyll harvest = chlorophyll content x leaf area per plant 
3.19.4.2.1.5 Nutrient content 
3.19.4.2.1.5.1 N, P and K concentrations in plants 
The dried plant material collected at different sampling stages was used for 
estimation of N, P and K content. 
3.19.4.2.1.5.1.1 Digestion of plant samples for N, P and K cortlentK^n^ 
The digestion of plant material was done by following the method of Lindner 
(1944). 
100 mg oven dried plant powder from each sample was transferred to a 50 ml 
Kjeldahl flask to which 2 ml sulptiuric acid was added. The content of flask was 
heated on the temperature controlled assembly for about 2 hours to allow complete 
re(iuction of nitrates in plant material by the organic matter itself As a result, the 
contents of the flask turned black. After cooling the flask for about 15 minutes, 0.5 ml 
30% H2O2 was added followed by heating for another 15 minutes. The process was 
repeated till the contents of the flask turned colourless. The peroxide digested material 
was transferred from Kjeldahl flask to 100 ml volumetric flask with three washings 
with double distilled water (DDW). The volume of the flask was made up to mark 
with DDW. The peroxide digested material was used for the estimation of N, P and K. 
3.19.4.2.1.5.1.2 Estimation of nitrogen 
Nitrogen was estimated according to the method of Lindner (1944). A 10 ml 
aliquot of the digested material was taken in a 50 ml volumetric flask. To this, 2 ml of 
2.5 N NaOH and 1 ml of 10% NaSi02 solution were added which neutralize excess of 
acid and prevent turbidity respectively. The volume of the solution was made up to 
the mark with DDW. In a 10 ml graduated test tube, 5 ml of the solution was taken 
and 0.5 ml of Nessler's reagent was added. The final volume was made with DDW. 
The content of the tube was allowed to stand for 5 minutes for maximum colour 
development. Then the solution was transferred to a colorimetric tube and optical 
density (O.D.) was read at 525 nm with the help of spectrophotometer (Ehco SL-171, 
India). 
44 
3.19.4.2.1.5.1.2.1 Standard curve for nitrogen 
50 mg ammonium sulphate was dissolved in 1 litre DDW. From this solution, 
O.I, 0.2, 0,3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml was pipetted to ten different test 
tubes. The solution in each test tube was diluted to 5 ml with DDW. In each test tube 
0.5 ml of Nessler's reagent was added. After 5 minutes, the optical density was read at 
525 nm on a spectrophotometer (Elico SL-171, India). A blank was run 
simultaneously with each set of determiiiation. Standard curve was plotted using 
different concentrations of ammonium sub^ate solution versus optical density (O.D.) 
and with the help of this standard curve, the amount of nitrogen present in the sample 
was determined on dry weight basis. 
3,19.4.2.1.5.1.3 Estimation of phosphorus 
The method of Fiske and Subba Row (1925) was used to estimate the total 
content of phosphorus in the digested material. A 5 ml aliquot was taken in a 10 
ml-gradiiated test tube and 1 ml of molybdic acid (2.5% ammonium molybdate and 10 
N sulnlfuric acid) was added carefully, followed by the addition of 0.4 ml of 
l-amino-2-naphthol-4-sulnkonic acid. Volume was made up to 10 ml with DDW. The 
solution was shaken for 5 minutes and subsequently transferred to a colorimetric tube. 
The optical density was read at 620 nm on a spectrophotometer. A blank was run 
simultaneously. 
3.19.4.2.1.5.1.3.1 Standard curve for phosphorus 
351 mg of potassium dihydrogen orthophosphate was dissolved in sufficient 
amount of DDW to which 10 ml of 10 N H2SO4 was added and then final volume was 
made to 1000 ml with DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0,7, 0.8, 
0.9 and 1.0 ml were taken in different test tubes. The solution in each test tube was 
diluted to 5 ml with DDW. In each tube 1 ml of molybdic acid and 0,4 ml of 
l-amino-2-naphthol-4-sulOTonic acid were added. After 5 minutes, optical density 
was read at 620 nm on a spectrophotometer (Elico SL-171, India). A blank was run 
with each set of determination. Standard curve was plotted using different dilution of 
potassium dihydrogen orthophosphate solution versus optical density. With the help 
of the standard curve, the amount of phosphorus present in the sample was 
determined. 
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3,19.4.2.1.5.1.4 Estimation of potassium 
Potassium was estimated with the help of a flame photometer. After adjusting 
the filter for potassium in the photometer, 10 ml peroxide digested material was run. 
A blank was run simultaneously. 
3.19.4.2.1.5.1.4.1 Standard curve for potassium 
1.91 g of potassium chloride was dissolved in 100 ml DDW, of which 1 ml 
solution was diluted to 1 litre. The resulting solution was of 10 ppm potassium 
concentration. From this, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ml solution was transferred to 
10 vials separately. The solution in each vial was diluted to 10 ml with DDW. The 
diluted solution of each vial was run separately. A blank was also run with each set of 
determination. Standard curve was prepared using different dilution of potassium 
chloride solution versus reading on the scale of galvanometer. The amount of 
pcitassium present in sample was determined with the help of a standard curve. 
3.19.4.2.1.5.2 N, P and K uptake of plants 
The product of nitrogen, phosphorus and potassium contents of a plant at 
different sampling stages and respective dry matter at these stages were used to 
calculate N, P and K uptake. 
3.19.4.3 Oil content 
The oil content was obtained by distilling fresh leaves at each sampling stage. 
The oil was extracted with the help of Clevenger apparatus. 
3.19.4.3.1 Extraction of oil 
50 g of fresh leaves were chopped and were left for some time for air dry. The 
chopped material was packed in a distillation flask and water was added to the packed 
material upto mark of flask. Heating was supplied by heating manfle. Before heating 
the distillation flask, water was run into the graduated receiver keeping the tap open 
until the water overflowed. Air bubbles in the tube were carefully removed by 
pressing the tube. The distillation was continued at a rate which kept the lower end of 
the condenser cool, by continuous supply of tap water with the help of rubber tubings. 
After some time steam was formed in distilling flask. The mixture of water vapour 
and essential oil passed into the condenser. As distillation proceeded, the distillate 
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collected in the graduated part of the receiver. The oil being lighter than water and 
insoluble in it, floated on the top of the receiver. 
At the end of 90 minutes, heating was discontinued, the apparatus was allowed 
to cool for 10 minutes. As soon as the entire quantity of oil had entered the graduated 
part of receiver the volume was read directly. The measured amount of oil was taken 
to be the content of essential oil in the leaves. The content of essential oil was 
expressed as percentage on weight/weight (w/w) basis. 
3,19.4.4 Oil yield 
The oil yield was obtained by multiplying percent oil content in the leaves, 
w ith total leaf fresh weight. 
Oil yield = Oil content (%) x Leaf fresh weight 
3.20 Statistical analysis 
All experimental data were analysed statistically according to the design of the 
experiment by using analysis of variance. F value was calculated to identify the 
significance. Least significant difference (LSD) was calculated to separate the means 
((jomez and Gomez, 1984). Relationship of a trait with another was drawn by linear 
regression analysis. The sample ANOVA tables to show the degree of freedom for 
replication for the six experiments performed are given in Table 8. 
Table 8. Models of analysis of variance (ANOVA) for Experiments 1-6. 
Source of variation d.f S.S. M.S.S. F. value Significance 
Experiment 1 and 2 (simple randomized design) 
Replication 
Treatment 
Eri-or 
Total 
Replication 
Treatment 
Error 
Total 
Replication 
Soil treatment 
Foliar treatment 
Interaction 
Error 
Total 
2 
4 
8 
14 
Experiment 3 and 4 (simple randomized design) 
2 
3 
6 
11 
Experiment 5 and 6 (factorial randomized design) 
2 
3 
4 
12 
38 
59 
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Chapter 4 
EXPERIMENTAL RESULTS 
4.1 Experiment 1 
lYe Experiment 1 was conducted to select the best nitrogen dpi^ e among 
applied nitrogen dosas on Mentha arvensis L. Ttre/^trogen was applied at tho rato of 
0, 30, 60, 90 and 120 kg/ha. Growth characteristics such as plant height, root length, 
leaf area per plant, leaf area ratio, specific leaf area, leaf dry weight, specific leaf 
weight, stem dry weight, above ground dry weight per plant and underground fresh 
and dry weight per plant; physiological characteristics such as chlorophyll content, 
chlorophyll harvest, photosynthetic rate, stomatal conductance, photosynthetic water 
use efficiency; nutrient content like N, P and K; nutrient uptake, viz. N, P and K and 
yield characteristics such as leaf number, branch number, leaf yield, stem yield, herb 
yield, oil content and oil yield were studied at 90, 105, 120, 135 and 150 days after 
planting (DAP). The details of the results are described below and summarized in 
Tables (9-20). 
4.1.1 Growth characteristics 
Nitrogen treatments affected all gro^vth parameters significantly at all stages, 
except specific leaf area and specific leaf weight at 120 DAP (Tables 9-13). 
4.1.1.1 Plant height / 
Maximum value was recorded for N90 whi^h wfifj fqtifilf"-thfit-f^f Ni:o in effect ^ 
at 105 DAP. The value noted for the control (No) was significantly lowest'at all stages" 
of crop growth. The per cent increase in plant height result^from the application of 
N90 was 24.48, 17.50, 45.92, 35.03 and 36.20 over the control at 90, 105, 120, 135 
and 150 DAP respectively (Table 9). 
4.1.1.2 Root length -P' ., ^ 
Among applied treatments of nitrogen, N90 gave maxtr^m value for root 
length and its effect was equal to that of Ngo at 105 DAP and that of N120 at 135 and 
150 DAP, however at 90 DAP the effect of each treatment differed significantly from 
each other. The control (No) gave &ignincantl>'--mi'nimum^va][^e at all samplings. ' 
Treatment N90 gave 45.63, 42.07, 37.50, 38.58 and 44.99 per cent increase in root *• 
K 
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length compared with the control at 90, 105, 120, 135 and 150 DAJl respectively 
(Table 9). 
4.1.1.3 Leaf area per P ' « " U ^ AJ^^ 
Treatment N90 gave*ffi«mmnn value a»d was equal in effect to N120 at 120 
DAP. The lowest value was noted for the control (No). The per cent increase in leaf 
area due to N90 over the control was 78.80, 78.91, 33.99, 32.04 and 40.61 at 90, 105, 
120, 135 and 150 DAP respectively (Table 10). 
4.1.1.4 Leaf area ratio 
] - Treatment N90 at 90, 105 and 150 DAP, and Nno at 120 and 135 DAP gave 
«taxnmttHi values. Both treatments, viz. N90 and N120 were equally effective at all 
stages and also with Neo at 135 and 150 DAP. On the other hand, the control (No) was 
recorded with lowest effect at all samplings. The per cent increase in leaf area ratio 
due to N90 over the control was 25.03, 32.69, 12.44, 7.06 and 12.30 at 90, 105, 120, 
135 and 150 DAP respectively (Table 10). 
4.1.1.5 Specific leaf area 
The effect of nitrogen application was significant only at 90, 105, 135 and 150 
D.AP. Treatment N90 gave-H&^^valud^at 105, 135 and 150 DAP, however, its 
effect was -at par with that of Neo and N120 at 105 and 150 DAP and also with that of' 
N;(o at 135 DAP. At 90 DAP, treatment Nno proved most effective. The per cent 
increase in specific leaf area due to N90 over the control was 18.95, 22.57, 4.76 and 
8.32 at 90, 105, 135 and 150 DARrespectively (Table 10). \ 
4.1.1.6 Leaf dry weight per plant . . 
The apphcation of N90 resuhed in ffltBOipmi value and its effect was equal to 
that of N120 at 105, 135 and 150 DAP but at 90 and 120 DAP its value differed 
significantly from other treatments. The control showed significantly lowes* effect at 
all stages. The per cent increase in leaf dry weight result«^rom application of N90, 
over the control was 54.32, 45.97, 34.91, 25.84 and 29.82 at 90, 105, 120, 135 and 
150 DAP respectively over the control (Table 11). 
4.1.1.7 Specificleaf weight 
Specific leaf weight was affected by nitrogen treatments significantly at all 
stages except at 120 DAP. The control gave maMsW value at all stages, however its, 
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effect w a s ^ par with that of Neo at 90 DAP and N30 at 150 DAP. The lowest value 
was recorded with N90 at all stages, except 90 DAP at which N120 gave the minimum 
value. The per cent decrease in specific leaf weight due to N90 in comparison with the 
control was 17.43, 22.72, 5.17 and 8.72 at 90, 105, 135 and 150 DAP^respectively 
(Table 11). 
4.1.1.8 Stem dry weight per plant 
Among applied treatments, N90 gave highest value and its effect was equal 
^iiSh that of N120 at 90 DAP. However, at 105, 120, 135 and 150 DAP the effect of 
each treatment was significant. Minimum value 4¥a« recorded for the control (No) at 
all stages. Treatment N90 gave 51.05, 34.80, 19.17, 25.42 and 26.45 per^cent higher 
valuf for stem dry weight than the control at 90, 105, 120, 135 and 150 DAR^ 
respectively (Table 12). 
4.1.1.9 Aboveground plant dry weight 1 /? A. 
Of nitrogen treatments, -maxifiw^ value was given by N90 and its effect was' 
equal to that of N120 at 120, 135 and 150 DAP. Treatment N90 gave 37.77, 41.43, 
27.13, 29.43 and 28.36 per cent increase in plant dry weight compared with the 
A 
control at 90, 105, 120, 135 and 150 DARrespectively (Table 12). 
4.1.1.10 Underground plant fresh weight 
Treatment N90 gave highest value for underground plant fresh weight at all 
stages but at 135 an DAP its effect was equal to that of Ni2o. However at 90, 105 
A 
and 120 DAP, the effect of each treatment was significant. Minimum value was 
recorded for the control at all stages. The underground plant fresh weight increase^ 
due to N90 over the control was 66,67, 55.36, 28.06, 31.99 and 33.08 per.cent at 90, 
\^ 
105, 120, 135 and 150 DAP respectively (Table 13). 
4.1.1.11 Underground plant dry weight )• , ^ 
Value was noted for N90 asd-wfe-at par with that of N!2o at 135 and' 
150 DAP. On the other hand, the minimum value was given by the control (No) at all 
stages. The increase in underground plant dry weight due to N90 over the control was 
50.48, 55.64,-28.51, 32.10 and 33.33 per cent at 90, 105, 120, 135 and 150 DAP 
respectively (Table 13). 
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4.1.2 Physiological characteristics 
4,1.2.1 Photosynthetic characteristics 
Effect of nitrogen on all photosynthetic characteristics at all stages studied was 
significant (Tables 14-15). 
4.1.2.1.1 Chlorophyll content 
Each treatment of nitrogen gave higher value for chlorophyll content than the 
control (No). However maximum value was recorded for N90 and its-rffeci wa« equal 2 was rec( 
tfl-lhat^Neo at 90 DAP but at 105, 120, 135 and 150 DAP the value recorded for all 
treatments differed significantly from each other. The per cent increase in chlorophyll' 
content resulted from the application of N90 was 17.27, 44.23, 32.92, 23.57 and 29.43 
over the control at 90, 105, 120, 135 and 150 DARrespectively (Table 14). 
4.1.2.1.2 Chlorophyll harvest per plant 
Maximum and minimum value was recorded for N90 and the control (No) 
respectively, at all sampling stages. Treatment (N90) resulted in 121.16, 158.70, 78.10, 
62.71 and 82.87 per cent increase in chlorophyll harvest over the control at 90, 105, 
120, 135 and 150 DAP respectively (Table 14). 
4.1.2.1.3 Photosynthetic rate ,, 
Maximum value was recorded with N90 at all growth stages. Jts effect was 
equal to that N120 at 105-DAP-Significantly lowest value was recorded for the control, 
(No) at all stages of samphng. The per cent increase in rate of photosynthesis due to ' 
N90 over the control was 24.89, 31.63, 24.08, 20.17 and 22.80 at 90, 105, 120, 135 
and 150 DAP respectively (Table 15). 
4.1.2.1.4 Stomatal conductance 
Treatment N90 showed highest effect on stomatal conductance at all stages. At 
90, 105, 135 and 150 DAP^s effect was equal to that of N120. On the other hand, the 
control (No) showed lowest effect. The per cent increase in stomatal conductance 
result^p^rom the application of N90 over the control was 10.34, 13.95, 9.30, 8.63 and 
9.09 at 90, 105, 120, 135 and 150 DAPrespectively (Table 15). 
4.1.2.1.5 Photosynthetic water use efficiency 
Treatment N90 gave maximum value for photosynthetic water use efficiency^^ 
-Hc-wevef at 105 DAP, its effect was equal to that of N120. The effect of control (No) 
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was lowest at all samplings. Treatment N90 increased photosynthetic water use 
efficiency by 15.44, 15.57, ]3.48, 10.63 and 12.55 per cent over the control at 90, 
105, 120, 135 and 150 DAP/espectively (Table 15). 
4J.2.2 Nutrient comtote in plant /) ^ , 
For nutrient content^ ^nly nitrogen content was affected significantly by 
nitrogen application at all stages (Table 16). 
4.1.2.2.1 Nitrogen conim^ 
Among treatments of nitrogen, N90 and control (No) gave significant 
maximum and minimum value respectively, at all stages, however at 135 DAP, 
maximum value registered for N90 was equal|[aip J?y that for Ni2o- The per cent increase 
in nitrogen due to N90 over the control was 28.93, 35.0, 40.65, 61.69 and 
84.24 at 90, 105, 120, 135 and 150 DAP respectively (Table 16). 
4.1.2.2.2 Phosphorus conit^ ntr i^/^ /^  
Phosphorus confgntH^s not affected by the application of nitrogen (Table 16). 
4.1.2.2.3 Potassium contentr^< /^«^ 
For this characteristic also, the effect of nitrogen was found to be 
non-significant (Table 16). 
4.1.2.3 Nutrient uptake 
Effect of nitrogen on nutrient uptake at all stages was significant (Table 17). 
4.1.2.3.1 Nitrogen uptake 
Maximum and minimum value was recorded for N90 and the control (No) 
respectively. Apphcation of treatment N90 resulted in 84.85, 90.07, 79.17, 108.99 and 
136.21 per cent more nitrogen uptake than the control at 90, 105, 120, 135 and 150 " 
DJ\P respectively (Table 17). 
4.1.2.3.2 Phosphorus uptake 
Significant maximum value-was recorded with N90 at all stages ^ the values 
-wa-s equalled by those for N120 at 105 and 120 DAP. The minimum value?wfts^^ 
recorded with the control (No) at all samplings. The per cent increase in phosphorus 
uptake due to N90 over the control was 44.54, 39.63, 28.84, 36.63 and 29.87 at 90, 
105, 120, 135 and 150 DAP respectively (Table 17). 
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4.1.2.3.3 Potassium uptake 
Maximum value was given by N90 at all stages and the value was equalled ^ 
that for N120 at 105, 120 and 135 DAP. On the other hand, minimum value was 
recorded for the control (No) at all stages. 
Application of N90 resulted in 41.76, 42.22, 31,99, 27.51 and 30.72 per^cent 
higher potassium uptake than the control at 90, 105, 120, 135 and 150 DAP 
respectively (Table 17). 
4,L3 Yield characteristics 
The effect of nitrogen application on yield characteristics at all stages was 
significant (Tables 18-20). 
4.1.3.1 Leaf number per plant 
Significant maximum value was recorded for N90 at 135 and 150 DAP but its 
value was equal to those for N120 at 90, 105 and 120 DAP. On the other hand, lowest 
value was recorded for the control (No) at all stages. The percent increase in leaf' 
number due to N90 over the control was 62.72, 75.00, 16.23, 24.41 and 20.59 at 90, 
105, 120, 135 and 150 DAP respectively (Table 18). 
4.1.3.2 Branch number per plant 
Treatment N90 at par with N120 gave maximum value at all samplings except at 
150 DAP, at which maximum value given by N90 differed significantly from the 
values for other treatments. Minimum value was recorded for the control (No) at all 
stages. Treatment N90 gave 38.57, 55.96, 31.19, 35.78, 36.79 per cent higher value 
than the control at 90, 105, 120, 135 and 150 DAP respectively (Table 18), 
4.1.3.3 Leaf yield per plant 
All nitrogen treatments gave significantly higher value than the control (No). 
Treatment N90 proved best at all stages. The minimum value was given by the control. 
The increase in leaf fresh matter due to N90 over the control was 45.62, 46.04, 34.98, 
25.86 and 29.84 perj:ent at 90, 105, 120, 135 and 150 DAP respectively (Table 19). ^ 
4.1.3.4 Stem yield per plant 
Treatment N90 gave maximum and the control (No) gave minimum value at all 
samplings. Application of N90 gave 39.28, 45.65, 19.18, 34.00 and 26.49 per cent 
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higher value for stem yield than the control at 90, 105, 120, 135 and 150 DAl^  (Table 
19). 
4.1.3.5 Herb yield per plant ^ j ^ ^;<^,(n^^ 
Application of N90 proved best at all stages. Minimum value was recorded for 
the control (No) at all samplings. Treatment N90 gave 42.52, 45.88, 22.52, 29.46 and 
28.31 per cent more herb yield than the control at 90, 105, 120, 135 and 150 DAP 
respectively (Table 19). 
4.1.3.6 OH content . 
Like most of other characteristics, treatment N90 gave maximum value for oil 
con/ent^'all stages, however at 120, 135 and 150 DAP its effect was equal to that of 
N120 and at 90 and 105 DAP also to that of Neo- The control (No) and N30 being at par 
gave/minimum value at all stages but at 90 DAP, the control gave significantly 
/\;minimum value. Treatment N90 gave 22.72, 11.76, 24.52, 37.65 and 53.33 per cent 
more oil content than the control at 90, 105, 120, 135 and 150 DAP respectively 
(Table 20). 
4.1.3.7 Oil yield per plant 
Treatment N90 gave significantly highest value at 90, 105, 135 and 150 DAP 
but at 120 DAP, its effect was equal with that of Nno and Neo. On the other hand, 
lowest value was noted for the control (No) at all stages, however it was and equal|g^ 
jby^that for N30 at 120 DAP. The per cent increase in oil yield due to N90 over the 
control was 74.85, 65.98, 64.17, 73.91 and 99.08 at 90, 105, 120, 135 and 150 DAP 
>j,respectively (Table 20). 
4.2 Experiment 2 
This experiment was conducted to select the best phosphorus treatment among 
various applied phosphorus treatments, viz., 0, 10, 20 30, 40 kg P/ha for performance 
of the crop. The details of results are given below and summarized in Tables 21-32 I 
A 
4.2.1. Growth characteristics 
The effect of phosphorus application was significantly on all growth 
parameters at all stages was significant, except specific leaf area at 135 DAP and 
specific leaf weight at 120 DAP (Tables 21-25). 
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4.2.1.1. Plant lioijili( 
Treatment I'm ir'^ 've maximum value at 120, 135 and 150 DAP and P40, at 90 
and 105 DAP liowcvcr both treatments were equally effective at 90, 105 and 150 
DAP On the other hand, minimum value was recorded for the control (Po) at all 
samplings. The per cent increase in plant height due to P30 over the control was 17.19, 
21.84, 40.91, 17,84 and 18.91 at 90, 105, 120, 135 and 150 DAP respectively (Table 
21). 
4.2.1.2 Root length 
Maximum value was recorded with P30 and was statistically equal to those for 
P40 at 90 and 150 DAP, while at 120, 135 and 150 DAP, each treatment had 
significant effect. Significant minimum value^as recorded for the control (Po) at all 
samplings. Treatment P30 increased root length by 46.17, 39.30, 38.79, 41.28 and 
34.79 per cent compared with the control at 90, 105, 120, 135 and 150 DAP 
respectively (Table 21). 
4.2.1.3 Leaf area per plant 
For leaf area^^l^^ apphcation of P30 proved best at all stages. Significantly 
lowest value was noted for the control (Po) at all samplings except at 120 DAP, at 
which lowest value recorded for Pio was equalled J?y that for the control. The per cent 
increase in leaf area resulted from application of P30 was 55.58, 91.79, 25.74, 13.92 
and 16.23 over the control at 90, 105, 120, 135 and 150 DAP.respectively (Table 22). 
4.2.1.4 Leaf area ratio 
Treatment P30 gave maximum value at 90, 105 and 120 DAP, however the 
control registered highest value at 135 DAP and treatment Pio, at 150 DAP. The 
increase in leaf area ratio due to P30 over the control was 10.66, 38.35 and 9.98 at 90, 
105 and 120 DAP^respectively (Table 22). 
4.2.1.5 Specific leaf area 
Specific leaf area was affected by application of phosphorus significantly at all 
stages except at 135 DAP. Treatment P30 proved best at 90, 105, 120 and 150 D.AP, 
howevervits effect was at par with that of P20 at 105 DAP. The per cent increase in 
specific leaf area due to P30 over the control was 24.43, 51.96, 8.77 and 5.56 at 90, 
105, 120 and 150 DAP respectively (Table 22). 
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4.2.1.6 Leaf diy weight 
Phosphoms at P30 proved best for leaf dry weight at""aH-stages: On the other 
hand control (Po) showed lowest effect at all stages except at 120 DAP, at which Pio 
A 
gave minimum value. The per cent increase in leaf dry weight due to P30 over the 
control was 28.02 at 90 DAP, 26.04 at 105 DAP, 19.73 at 120 DAP, 10.80 at 135 
DAP and 10.15 at 150 DAP (Table 23). 
4.2.1.7 Specific leaf weight 
-^t Effect^of phosphorus on specific leaf weight was significant at all stages, 
excepi120 DAP. Increasing doses of phosphorus decreased specific leaf weight. The 
per cent decrease in specific leaf weight due to P30 in comparison with the control (Po) 
was 24.60, 51.98, 3.63 and 5.61 at 90, 105, 135 and 150 DAP respectively (Table 23). 
4.2.1.8 Stem dry weight 
Application of P30 proved best for stem dry weight at all stages. The control 
(Po) gave significant lowest value at all stages. Treatment P30 increased stem dry 
weight by 54.88, 38.83, 14.29, 28.51 and 24.81 per cent over the control at 90, 105, 
120, 135 and 150 DAR respectively (Table 24). 
4.2.1.9 Aboveground plant dry weight 
Treatment P30 gave maximum value at all stages, however its effect was at par 
with those of P40 at 90, 120 and 135 DAP. Treatment P30 increased aboveground plant 
dry weight by 46.40, 34.60, 14.96, 19.00 and 16.92 per cent over the control at 90, 
105, 120, 135 and 150 DAPyespectively (Table 24). 
4.2.1.10 Under ground plant fresh weight . 
n 
Treatment P30 proved best at all stages.\Minimum value was noted for the 
control (Po) at all samplings. Treatment P30 gave 73.25, 57.60, 47.98, 50.87 and 51.89 
per cent higher value for underground plant fresh weight than the control at 90, 105, 
120, 135 and 150 DAP respectively (Table 25). 
4.2.1.11 Underground plant diy weight 
Phosphorus at P30 proved best for underground plant dry weight at all stages. 
The control (Po) gave significant low^dSn/alue'at all stages of sampling. Application of 
P30 gave 73.03, 57.63, 48,44, 50.84 and 52,12 per cent higher value for underground ' 
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56 
plant dry weight than the control at 90, 105, 120, 135 and 150 DAJI respectively 
(Table 25). 
4.2.2 Physiological characteristics 
4.2.2.1 Photosynthetic characteristics 
All the photosynthetic characteristics at all stages were affected significantly 
by phosphorus application (Tables 26-27). 
4.2.2.1.1 Chlorophyll content 
Treatment P30 gave maximum value at 90, 105 and 150 DAP, but at 135 DAP 
its maximum value was equalled by that for P40. At 120 DAP, maximum value for P40 
was equalled by that for P30. Sigftmeant lowest value ^i^argiven by the control (Po) at 
90, 105 and 150 DAP but at 120 and 135 DAP, its minimum value was equalled by 
that for Pio. Treatment P30 gave 16.38, 19.00, 22.15, 20.10 and 32.57 per cent increase 
in chlorophyll content over the control at 90, 105, 120, 135 and 150 DAPsrespectively 
(Table 26). 
4.2.2.1.2 Chlorophyll hai-vest 1 
Application of P30 proved best for chlorophyll han'est at all stages. The value 
recorded for the control (Po) was lowest and the difference was significant from other 
treatments at 90, 105, 135 and 150 DAP at 120 DAP, while its effect was at par with 
that of Pio. Treatment P30 gave 89.46, 136.84, 51.19, 36.82 and 54.09 perj^ent 
increase in chlorophyll harvest over the control at 90, 105, 120, 135 and 150 DAP 
respectively (Table 26). 
4.2.2.1.3 Photosynthetic rate 
Maximum value was recorded for P30 at all the growth stages. On the other 
hand, signrfieaftt lowest value was recorded for the control (Po). The per cent increase 
in rate of photosynthesis was 24.94, 27.48, 33.54, 28.14, 26.90 due to P30 over the 
control at 90, 105, 120, 135 and 150 DARrespectively (Table 27). 
4.2.2.1.4 Stomatal conductance 
Treatment P30 gave maximum value at all stages of sampling, however at 105 
and 120 DAP, P30 and P40 were equally effective. Minimum value was recorded for 
the control (Po) at all stages. The increase in stomatal conductance due to P30 over the 
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control was 7.66, 11.06, 15.17, 11.22 and 10.65 per cent at 90, 105, 120, 135 and 150 
DARrespectively (Table 27). 
4.2.2.1.5 Photosynthetic water use efficiency 
Treatment P30 registered maximum value at all samplings, however the effect 
of P30 and P40 was equal to each other at 120, 135 and 150 DAP but the maximum 
value for P^ o significantly differed from other treatments at 90 and 105 DAP. On the 
other hand,Jowest value was given by the control (Po) at all stages. The pei,cent 
increase in photosynthetic water use efficiency resulted from the application of P30 
over the control was 19.73, 13.28, 15.94, 15.18 and 15.41 at 90, 105, 120, 135 and 
150 DAP respectively (Table 27). 
4.2.2.2 Nutrient contents in plant 
Application of phosphorus affected phosphorus content only at all stages 
significantly (Table 28). 
4.2.2.2.1 Nitrogen content 
Nitrogen content remained unaffected by the application of phosphorus at all 
samplings (Table 28). 
4.2.2.2.2 Phosphorus content 
Significant maximum and minimum value was recorded for P30 and the 
control (Po) respectively at all stages except at 150 DAP at which maximum value for 
P30 was equalled by that for P40. The increase in phosphorus content due to P30 over 
thecontrolwas38.15, 29.35, 83.33, 30.14 and 18.97 per cent at 90, 105, 120, 135 and 
150 DAP respectively (Table 28). 
4.2.2.2.3 Potassium content 
Data recorded for potassium cor^enr was found to be non significant at all 
samplings (Table 28). 
4.2.2.3 Nutrient uptake 
Effect of phosphorus on nutrient uptake at all stages was significant (Table 
29). 
4.2.2.3.1 Nitrogen uptake 
Treatment P30 gave maximum value at all growth stages, except at 90 DAP at 
which, its value was equalled by that for P40. Treatment P30 gave 67.37, 28.77, 33.58, 
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35.59 and 25.29 percent higher value for nitrogen uptake than the control (Po) at 90, 
105, 120, 135 and 150 DAPyespectively (Table 29). 
4.2.2.3.2 Phosphorus uptake 
Among applied treatments of phosphorus, P30 gave<agaifieaHt maximum value 
at 105, 120, 135 and 150 DAP but at 90 DAP it was equal in effect with P40. On the 
other hand control (Po) showed significantly lowe^effecvat all stages. The increase in 
phosphorus uptake due to P30 over the control was 127.83, 68.34, 41.71, 65.89 and 
70.26 per cent at 90, 105, 120, 135 and 150 DAP^respectively (Table 29). 
4.2.2.3.3 Potassium uptake 
Maximum value was recorded for P30 and its effect showed significant 
difference from those of other treatments at 120 and 150 DAP but at 90, 105 and 135 
D.AP, effect of P30 was at par with that of P40. Significant minimum value was 
recorded with the control at 90, 120, 135 and 150 DAP but at 105 DAP, it was at par 
with that for Pio. The increase in potassium uptake due to P30 over the control was 
65.48, 33.33, 26.15, 28.16 and 35.43 per cent at 90, 105, 120, 135 and 150 DAR 
respectively (Table 29). 
4.2.3 Yield characteristics 
All yield parameters at all stages were affected significantly by phosphorus 
application (Tables 30-32). 
4.2.3.1 Leaf number per plant 
Application of P30 proved best for leaf number per plant at all stages. The 
control (Po) gave loweaC value at all stages except at 120 DAP, at which Pio gave 
(X minimum value. Treatment P30 gave 49.99, 83.66, 22.37, 12.90 and 14.88 per cent 
higher leaf number over the control at 90, 105, 120, 135 and 150 DAR respectively 
(Table 30). 
4.2.3.2 Branch number per plant 
Treatment P30 gave maximum value at all stages, however it was equal in 
effect with P40 at 90, 105 and 150 DAP. The control (Po) gave lowest value at all 
stages, however its value was at par with those for Pio and P20 at 90 DAP and with 
that for Pio at 105 DAP. The percent increase in branch number due to P30 over the 
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control was 71.54, 33.33, 61.00, 59.79 and 57.75 at 90, 105, 120, 135 and 150 DAP 
respectively (Table 30). 
4.2.3.3 Leaf yield per plant 
Treatment P30 gave maximum value at all stages but was equal in effect with 
P40 at 105, 120 and 135 DAP, however at 90 and 150 DAP the effect of each 
treatment was significant. The control gave minimum value but its minimum value 
was equal with that of Pio at 120 DAP and at 105 DAP also with that of P20. 
Treatment P30 gave 28.00, 32.14, 15.58, 10.79 and 10.13 percent more leaf fresh 
matter than the control at 90, 105, 120, 135 and 150 DAPy-espectively (Table 31). 
4.2.3.4 Stem yield per plant 
Treatment P30 gave maximum value at all stages, but its effect was at par with 
that of P40 at 90, 120 and 150 DAP. The per cent increase in stem yield due to P30 
over the control was 54.50, 38.47, 14.11, 28.61 and 24.78 at 90, 105, 120, 135 and 
150 DAP respectively (Table 31). 
4.2.3.5 Herb yield per plant 
Among applied treatments, P30 gave maximum herb yield per plant at all 
stages, however P30 and P40 were equally effective at 120 and 135 DAP. On the other 
hand, sigjiifieant lowest value for this parameter was recorded for Po at all samplings. 
P30 increased herb yield over the control by 64.00, 66.32, 25.22, 27.19 and 24.85 per-
cent at 90, 105, 120, 135 and 150 DARrespectively (Table 31). 
4.2.3.6 Oil content ., , 
Treatment P30 proved best for oil con/enr. us effect was equalled by those of 
P40 at 105, 120, 135 and 150 DAP and also by that of P20 at 90 DAP. The control (Po) 
gave.lowest valu^and its effect was at par with those of Pio at 90, 105, 120 and 150 
D/VP. Treatment P30 gave 18.60, 20.00, 19.64, 31,25 and 33.33 per,cent higher oil 
coti^nt^han the control at 90, 105, 120, 135 and 150 DAJlrespectively (Table 32). 
4.2.3.7 Oil yield per plant 
Among applied treatments of phosphorus, P30 gave maximum value at all 
stages, however at 90 DAP, its effect was equalled by that of P40. The control (Po) 
gavejylowest valu^at all sampling stages, except 90 DAP, at which its effect was 
equalled by that of Pio. The per cent increase in oil yield resulted from the application 
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of Pso was 51.97, 58.57, 38.31, 45.41 and 46.82 over the control at 90, 105, 120, 135 
and 150 DAP^respectively (Table 32). 
4.3 Experiment 3 
This experiment was conducted to investigate the effect of foliar spray of GA3, 
viz. 0, 10"'*, 10"^  and lO'^ M and water-sprayed control (Wo) on growth, physiological 
and yield characteristics at various sampling stages as described in Experiments 1, 2 
and 3. The details of results (Tables 33-44) are summarized below. 
4.3,1 Growth characteristics 
Effect of foliar application of GA3 on growth characteristics at each stage was 
significant except specific leaf area and specific leaf weight at 150 DAP (Tables 
33-37). 
4.3.1.1 Plant height 
Increasing levels of GA3 enhanced plant height linearly. The per 9ent increase 
in plant height resulted from 10"^ M GA3 was 33.06, 34.06, 42.74, 60.15 and 61.03® 
per cent and from lO'^ M GA3 was 14.94, 12.65, 22.04, 32.59 and 3 4 . 3 5 ^ e r cent 
over the water-sprayed control (Wo) at 90, 105, 120, 135 and 150 DAP respectively 
(Table 33). 
4.3.1.2 Root length 
Treatment 10"^ M GA3 gave significant maximum value at 90, 105, 135 and 
150 DAP but at 120 DAP, it was equalled by that for 10"^ M GA3. The effect of 
water-sprayed control (Wo) was significantly lowe«f at all samplings. Treatment 
l o V GA3 increased root length by 25.45, 42.13, 18.11, 21.65 and 21.28 per cent 
over the control at 90, 105, 120, 135 and 150 DARrespectively (Table 33). 
4.3.1.3 Leaf area per plant 
Among sprayed treatments, IO'^'M GA3 gave significant maximum value at all 
stages of sampling except 90 DAP, at which maximum value for lO'^ ^M GA3 was 
equalled jbf that for 10"^ M GA3 and 10"^ M GA3. On the other hand, significant 
minimum value was recorded for the water-sprayed control (Wo) at all stages. The per-
•cent increase in leaf area due to 10"*M GA3 over the water-sprayed control was 14.29, 
25.82, 17.44, 6.93 and 18.76 at 90, 105, 120, 135 and 150 DAPyespectively (Table 
34). 
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4.3.1.4 Leaf area ratio 
Maximum value|Kvas recorded for the water-sprayed control (Wo) at all stages, 
except at 90 DAP at which 10 M GA3 gavcj^iiaximum value. Both of the treatments, 
viz. the water-sprayed control (Wo) and lO'^ M GA3 were equally effective at 90, 105 
and 120 DAP and also with 10"^ M GA3 at 150 DAP. On the other hand, significant 
minimum valul wa5 recorded for 10" M GA3 at all samplings. The percent decrease 
in leaf area ratio due to 10"''M GA3 in comparison with the water-sprayed control was 
30 18, 19.93, 7,99, 18,18 and 9.47 at 90, 105, 120, 135 and 150 DARrespectively 
(Table 34). 
4.3.1.5 Specific leaf area 
A significant ma?amum value for this characteristic was recorded for the 
water-sprayed control (Wo) at 90, 105 and 120 DAP but its value was equalled by that 
for 10"^ M GA3 and 10"^ M GA3 at 135 DAP. On the other hand, significant minimum 
value was recorded for lO'^ ^M GA3 at 90, 105, 120 and 135 DAP. The effect at 150 
DAP was found to be non-significant. The decrease in specific leaf area due to 10"V 
GA3 in comparison with the water-sprayed control (Wo) was 33.33, 18.29, 15.94 and 
6.70 percent at 90, 105, 120 and 135 DAPyespectively (Table 34). 
4.3.1.6 Leaf dry weight 
Treatment 10'''M GA3 gave maximum valueAfor leaf dry weight at all 
samplings, however at 90 DAP, its effect was equalled by that of 10"^ M GA3. 
Ar Significant miaiiBW«i-value was registered for water-sprayed control (Wo) at all stages 
except at 150 DAP, at which its value was equal to 10"^ M GA3 and lO'^ M GA3. The 
per cent increase in leaf dry weight due to 10'^ M GA3 over the water-sprayed control 
(Wo) was 53.38, 33.22, 23.12, 14.09 and 17.86 at 90, 105, 120, 135 and 150 DAR 
respectively (Table 35), 
4.3.1.7 Specificleafweight , 
Treatment 10 M GA3 gave significant maximum value5»for specific leaf 
weight at 90, 105, 120 and 135 DAP. On the other hand, minimum value was 
recorded for the water-sprayed control (Wo) which was equalled by that for 10"^ M 
G.'\3 at 90 DAP by those for 10"^ M GA3 and 10"^ M GA3 at 105, 120 and 135 DAP. 
The effect at 150 DAP was non-significant. The per cent increase in specific leaf ' 
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weight due to 10"*M GA3 over water-sprayed control at 90, 105, 120 and 135 DAP 
was 33.33, 18.54, 16.20 and 6.74 per^centy-espectively (Table 35). 
4.3.1.8 Stem dry weight 
Among applied treatments of GA3, the highest significant effect was found for 
10 M GA3 at all samplings. The effect of water-sprayed control (Wo) was minimufiT 
at all stages but at 120 DAP, its lowest effect was equalled by that of 10"^ M GA3. The 
increase in stem dry weight due to the application of 10''*M GA3 over the 
water-sprayed control was 48.78, 50.89, 26.82, 27.22 and 30.01 per cent at 90, 105, 
120, 135 and 150 DAP respectively (Table 36). 
4.3.1.9 Aboveground plant dry weight 
-4n Maximum value was recorded for 10" M GA3, and the difference, was 
A- i n -
significant from the values recorded for other treatments at all samplings. Minimum 
value was recorded for water-sprayed control (Wo) at all stages, however its effect 
was equalled by that of 10' M GA3 at 105 DAP. The per cent increase in plant dry 
weight due to lO'^ ^M GA3 over the water-sprayed control was 55.19, 41.18, 28.93, 
20.65 and 22.38 at 90, 105, 120, 135 and 150 DAP^respectively (Table 36). 
4.3.1.10 Underground plant fresh weight 
Among spray treatments of GA3, treatment IO'^'M GA3 gave maximum value 
for underground plant fresh weight, and differed significantly form the values 
recorded for other treatments at all samplings. On the other hand, Jowest value<>wa«-
recorded for lO'^ M GA3 at all stages, except at 90 DAP at which water-sprayed 
control (Wo) was recorded with/^ lowest value. The per cent increase in underground 
fresh weight due to IO'^'M GA3 over the water-sprayed control was 47.67, 61.60, 
24.72, 22.39 and 21.65 at 90, 105, 120, 135 and 150 DAP.respectively (Table 37). 
4.3.1.11 Underground plant dry weight , 
Treatment 10' M GA3 gave significantly maximum valu& '^at all samplings. On 
the other hand, 10" M GA3 and the control (WQ) being at par gave minimum valu6at 
all stages. They were also at par with 10"^ M GA3 in effect at 90, 120 and 150 DAP. 
^-4A Treatment lO'^ M GA3 gave 46.27, 61.54, 24.58, 22.15 and 21.72 perj;ent increase in 
underground plant dry weight compared with the water-sprayed control (Wo) at 90, 
105, 120, 135 and 150 DAP respectively (Table 37). 
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4.3.2 Physiological characteristics 
4.3.2.1 Photosynthetic characteristics 
The photosynthetic characteristics studied at various growth stages were 
affected significantly by GA3 application (Table 38-39). 
4.3.2.1.1 Chlorophyll content 
|V Significant maximum value was recorded for IO'^'M GA3 at 90, 105, 135 and 
150 DAP but at 120 DAP, maximum value for 10"'*M GA3 was equalled by that for 
lO'^ M GA3. The significant minimum value was recorded for water-sprayed control 
(Vy^ o) at all stages of sampling except at 120 DAP, at which it was equal to lO'^ M 
G.A3. The per cent increase in chlorophyll content resulted from 10"^ M GA3 over 
water-sprayed control at 90, 105, 120, 135 and 150 DAP was 23.58, 24.37, 14.20, 
15.21 and 18.75 per cenlyespectively (Table 38). 
4.3.2.1.2 Chlorophyll harvest 
Maximum value was recorded for 10"''M GA3 at all samplings but at 90 DAP 
its effect was equal with that of 10" M GA3. The significant minimum value was 
registered for water-sprayed control (Wo) at all stages. Treatment GA3 at 10''^ M gave 
41.08, 56,47, 34.11, 23.19 and 41.02 per cent higher value for chlorophyll harvest 
than the water-sprayed control at 90, 105, 120, 135 and 150 DAP.respectively (Table 
38). 
4.3.2.1.3 Photosynthetic rate 
Treatment 10 M GA3 gave significant maxffnum valu^at all stages. The 
water-sprayed control (Wo) gave significant minimum value at all stages except 150 
D/LP at which its value was equalled with that for lO'^ M GA3. The per cent increase 
in rate of photosynthesis recorded for IO'^'M GA3 was 20.79, 11.09, 18.13, 16.54 and 
17.04 over the water-sprayed control at 90, 105, 120, 135 and 150 DAP respectively 
(Table 39). 
4.3.2.1.4 Stomatal conductance 
Maximum value was recorded for 10"''M GA3 and the value differed 
significantly from the values given by other treatments of GA3 at all samplings. 
Significant minimum value was recorded for the water-sprayed control (Wo) at 90 and 
105 DAP but was equalled>f tha t^ lO '^M GA3 at 135 and 150 DAP and also by 
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that for 10"^ M GA3 at 120 DAP. Treatment 10"'*M GA3 increased stomatal 
conductance by 5.98, 4.63, 5.34, 6.53 and 5.96 per cent over the water-sprayed 
control at 90, 105, 120, 135 and 150 DAP.respectively (Table 39). 
4.3,2.1.5 Photosynthetic water use efficiency 
Maximum value was recorded for lO'^ M GA3, however its value differed 
significantly from all values at each stage of sampUng. Significanrjowes^valu^wfcS 
recorded for the water-sprayed control (Wo) at 90, 105, 120 and 135 DAP but was 
equal with TO'^ M GA3 at 150 DAP. The per cent increase in photosynthetic water use 
efficiency was 13.91, 8.58, 12.17, 9.41 and 10.45 over the water-sprayed control at 
90, 105, 120, 135 and 150 DAPvrespectively (Table 39). 
4.3.2.2 Nutrient contents in plant 
No significant effect of spray of GA3 on nutrient content at each stage was 
observed (Table 40). 
4.3.2.2.1 Nitrogen content v^. 
The effect of treatments on nitrogen coi^ent was non-significant at all stages 
of sampling (Table 40). 
4.3.2.2.2 Phosphorus content 
Phosphorus conj^ ent of plants was not affected by treatments of GA3 at all 
stages (Table 40). 
4.3.2.2.3 Potassium content ^ 
The data recorded for potassium consent of plants was also found to be 
non-significant (Table 40). 
4.3.2.3 Nutrient uptake 
Spray of GA3 affected nutrient uptake at all stages significantly (Table 41). 
4.3,2.3.1 Nitrogen uptake 
Maximum value was recorded for 10"''M GA3, and its effect was significant at 
all stages. The significant lowest value> J^i»8• recorded for the water-sprayed control 
(Wo) at 105 and 135 DAP but equalled>f those jJ lO'^ M GA3 at 90 and 150 DAP 
and at 120 DAP also for lO'^ M GA3. Treatment lO'V GA3 gave in 56.07, 57.64, 
38.30, 21.33 and 21.88 per cent more nitrogen uptake than the water-sprayed control 
at 90, 105, 120, 135 and 150 DAP, respectively (Table 41). 
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4.3.2.3.2 Phosphorus uptake 
I* Significantly maximum value was registered for 10 M GA3 at all samplings. 
The water-sprayed control (Wo) gave significant lowest value at 90, 105 and 135 DAP 
but was equal to lO'^ M GA3 and 10"^ M GA3 at 120 and 150 DAP^respectively in 
eiifect. The per cent increase in phosphorus uptake due to 10"''M GA3 over the 
water-sprayed control was 58.04, 46.84, 26.60, 31.36 and 17.37 at 90, 105, 120, 135 
and 150 DAP respectively (Table 41). 
4.3.2.3.3 Potassium uptake 
Treatment 10"^ M GA3 gave maximum value for potassium uptake at all stages. 
/\^\'^ignificantl^ lowjssf valuef^ -^ .^^ g'recorded for the water-sprayed control at 90, 135 and 
150 DAP but its lowest value was equalled by those for lO'^ M GA3 at 105 and 120 
DAP. Treatment lO'^ ^M GA3 increased potassium uptake by 60.38, 45.16, 31.23, 17.39 
and 28.67 per cent over the water-sprayed control at 90, 105, 120, 135 and 150 DAIL 
respectively (Table 41). 
4.3,3 Yield characteristics 
Yield characteristics at all stages were affected significantly by GA3 
application (Tables 42-44). 
4.3.3.1 Leaf number per plant 
Increasing levels of leaf-applied GA3 improved leaf number linearly at all 
stages with lO'^ M GA3 giving 20.37, 74.71, 86.73, 73.18 and 72.06 per cent and 
higher value 10"V GA3, 14.81, 60.92, 58.29, 48.04 and 45.59 per cent higher value J 
compared with the control at 90, 105, 120, 135 and 150 DAPyespectively (Table 42). > 
4.3.3.2 Branch number per plant 
Treatment 10"^ M GA3 produced maximum number of branches at 90, 105, 120 
and 135 DAP while at 150 DAP, its effect was at par with that of lO'^ M GA3. GA3 at 
lO'^ M had significant difference at 120 and 135 DAP from all those for other 
treatments. However, at 90 and 105 DAP, both treatments viz. lO'^ M GA3 and 10"^ M 
GA3 were statistically equal in effect. Signij^oaot lowest value was recorded for ' 
water-sprayed control (Wo) at all samplings. Treatment 10"^ M GA3 increased branch 
number by 77.35, 120.00, 70.36, 84.05 and 77.89 per cent and 10"V GA3, 40.92, 
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95.53, 47.28, 61.06 and 60.57 per cent over the water-sprayed control at 90, 105, 120, 
135 and 150 DARrespectively (Table 42). 
4.3.3.3 Leaf yield per plant 
Treatment 10''*M GA3 gave maxMium value^at all samplings. On the other 
hand, significant lowest value was recorded for the water-sprayed control (Wo). 
Treatment lO'V GA3 gave 52.31, 33.41, 23.16, 14.18 and 17.90 per cent higher leaf 
yield over the water-sprayed control at 90, 105, 120, 135 and 150 DAPyespectively 
(Table 43). 
4.3.3.4 Stem yield per plant 
Maximum value recorded for 10"''M GA3, was significantly higher than those 
values given by other treatments of GA3 at all samplings. The water-sprayed control 
(Wo) gave.significantly lowestvalue. Treatment 10'' 'M GA3 increased stem yield by 
49.25, 50.79, 26.79, 27.21 and 30.01 per cent in comparison with water-sprayed 
control at 90, 105, 120, 135 and 150 DAP respectively (Table 43). 
4.3.3.5 Herb yield per plant 
The effect of spray treatments of GA3 on herb yield was significant. Treatment 
IC'^ M GA3 gave significant ma5a^ura value5at all samplings. Minimum value was 
recorded for the water-sprayed control (Wo) and the effect was found significant at all 
stages. The increase in herb yield resulted from the application of 10"^ M GA3 over the 
water-sprayed control was 56.97, 49.86, 31.50, 20.64 and 22.36 per cent at 90, 105, 
120, 135 and 150 DAP respectively (Table 43). 
4.3.3.6 Oil content ^ 
Significant maximum valu^for oil contenrwas registered for IO'^'M GA3 at 
105, 120 and 150 DAP but at 90 and 135 DAP, its maximum value was equalled>5^ 
t h a t ^ I0"^ M GA3. The effect of the water-sprayed (Wo) control was significantly 
lowe«f"at final three stages of sampling viz. 120, 135 and 150 DAP but at initial two 
stages, it was equalled>f that ^ l O ' ^ M GA3. Treatment IO'^'MGAS gave 7.14, 28.00, 
27.59, 26,25 and 24,68 per,cent higher value for oil coq/enl'in comparison with the 
water-sprayed control at 90, 105, 120, 135 and 150 DAP^respectively (Table 44). 
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4.3.3.7 Oil yield per plant 
Maximum value for oil yield was given by lO'^ M GA3 and the value differed 
significantly from the values .recorded for all other treatments at all stages of 
sampling. MiifflTTum significantM^alue^"^sa§'registered for the water-sprayed control red  
(Wo) at 90, 120, 135 and 150 DAP but its value was equalled by that for lO'^ M GA3 at 
105 DAP. GA3 at 10"V gave 63.21, 90.80, 73.65, 44.17 and 47.02 percent higher oil 
yield over the water-sprayed control at 90, 105, 120, 135 and 150 DAP respectively 
(Table 44). 
4.4 Experiment 4 
This experiment was conducted to investigate the effect of foliar application of 
various treatments of Kinetin, viz. lO'^ M, lO'^ M, 10"^ M and water-sprayed control 
(V/o) on the performance oiMentha arvensis L. 
The characteristics studied at various sampling stages were the same as in 
Experiment 1, 2 and 3. The results (Tables 45-56) are summarized below. 
4.4.1 Growth characteristics 
Effect of various treatments of Kn on growth characteristics at all stages •was" 
significant, except leaf area ratio at 105 DAP and specific leaf weight at 150 DAP 
(Tables 45-49). 
4.4.1.1 Plant height 
Treatment lO'^ M Kn proved best at all stages except 135 DAP at which, 10"^ M 
Kn gave maximum value. Significant ffiiemrtmr valued was" recorded for the 
\ 
water-sprayed control (Wo) at all samplings. The increase in plant height resulted 
from application of lO'^ M Kn over the water-sprayed control at 90, 105, 120, 135 and 
150 DAP was 12.39, 9.48, 28.58, 20.27 and 27.05 per cent respectively (Table 45). 
4.4.1.2 Root length 
The effect of 10 M Kn gave significant maximum value for root length. The 
effect of the water-sprayed control (Wo) was significantly lowest at all sampling 
stages. Treatment lO'^ M Kn had 50.05, 64.34, 35.67, 50.77 and 47.34 per cent higher 
value as compared with the water-sprayed control at 90, 105, 120, 135 and 150 DAP 
respectively (Table 45). 
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4.4.1.3 Leaf area per plant 
Among applied treatments of Kn, 10"^ M Kn gave significant higher valu^in 
comparison with all other treatments at 105, 120, 135 and 150 DAP, while at 90 DAP, 
igher value&showed equal effect with that of 10"^ M Kn. Significantly lowe^ valuqS 
was recorded for the water-sprayed control (Wo) at all stages. The per cent increase in 
leaf area due to lO'^ M Kn over the water-sprayed control was 46.76, 59.04, 41.02, 
44.55 and 43.33 at 90, 105, 120, 135 and 150 DA^respectively (Table 46). 
4.4.1.4 Leaf area ratio 
Among all applied treatments of Kn, lO'^ M Kn and lO'^ M Kn gave significant 
maximum value5>at 90 and 150 DAP respectively. However, 10"^ M Kn and 10"^ M Kn 
at 135 DAP and 10"^ M Kn and lO'^ M Kn at 120 DAP were equally effective. At 105 
A I t ^ 
DAP, the effect was found non significant. Nfettmam value was recorded for the 
water-sprayed control (Wo) and the value showed significant difference from the 
values recorded for other treatments. The increase in specific leaf area ratio due to 
lO'^ M Kn over the water-sprayed control was 23.00, 62.18, 5.55, 13.52 and 15.62 per-
cent at 90, 105, 120, 135 and 150 DAP^respectively (Table 46). 
4.4.L5 Specific leaf area 
Maximum valu^was recorded for lO'^ M Kn at 90, 105 and 150 DAP while at 
120 and 135 DAP, lO'^ M Kn had^aximum value. The values given by lO'^ M Kn and 
10"^ M Kn were statistically equal at 120, 135 and 150 DAP. Sianificant miaiffirttiti 
valu6^^«f^  registered for the water-sprayed control (Wo) at all stages. The increase in 
specific leaf area due to 10" M Kn over the water-sprayed control was 14.93, 24.05, 
6.25, 23.52 and 22.13 percent at 90, 105, 120, 135 and 150 DAPj-espectively (Table 
46). 
4.4.L6 Leaf dry weight 
Treatment 10"^ M Kn gave maximum value for leaf dry weight and its effect 
was significant at 120 and 150 DAP but at 90, 105 and 135 DAP it was equalled by 
that for 10"^ M kn. Significant lowergf valu^AjiaS recorded for the water-sprayed control 
(Wo) at 90, 105, 120 and 150 DAP while at 135 DAP, its value was equal led 
by that for IO'^'M Kn. The per cent increase in leaf dry weight due to 
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lO^M Kn over the water-sprayed control at 90, 105, 120, 135 and 150 DAP was 
35 65, 36.79, 24.01, 13.71 and 13.66j-espectively (Table 47). 
4.4.1.7 Specific leaf weight 
6 ^ 
The effect of 10 M Kn gave^ignificant maximum value at 90 DAP. However 
at 105, 120 and 135 DAP, the water-sprayed control (Wo) gave maximum value and 
was equal in effect with that of lO'V Kn at 105 DAP, and also with that of lO'^ ^M Kn 
at 120 DAP while at 135 DAP, it showed significant effect from other treatments. On 
5 b ^ ^ 
the other hand, 10 M Kn gave ffHH««tmrvalue at 105, 120 and 135 DAP, and its ' 
effect was equal to that of lO'^ M Kn at 105, 120 DAP and also to lO'^ M Kn at 135 
D/sF. The data were non-significant at 150 DAP. The per cent decrease in specific 
leaf weight resulted from lO'^ M Kn in comparison with the water-sprayed control was 
37.93, 13.71 and 26.53 at 105, 120 and 135 DAP respectively (Table 47). 
4.4.1.8 Stem dry weight 
Maximum value was recorded for lO'^ M Kn and the value differed 
significantly from all other values at 120, 135 and 150 DAP but showed equal effect 
with that for lO'^ M Kn at 90 and 105 DAP. The si^niileetft lowest effect was recorded 
for the water-sprayed control (Wo) at all samplings. Treatment 10"^ M Kn increased 
stem dry weight by 56.74, 58.93, 33.58, 27.34 and 27.22 per cent over the 
water-sprayed control at 90, 105, 120, 135 and 150 DAP respectively (Table 48). 
4.4.1.9 Aboveground plant dry weight 
Treatment lO'^ M Kn gave maximum valued at all stages. Significant minimum 
valu^^^ias* recorded for the water spra3i<<control (Wo) at all stages. The per cent 
increase in plant dry weight resulted from 10"^ M Kn over the water-sprayed control 
was 50.49, 56.79, 28.88, 19.04 and 27.89 at 90, 105, 120, 135 and 150 DAP^ 
respectively (Table 48). 
4.4.1.10 Underground plant fresh weight 
Treatment 10"^ M Kn proved best. The lowest value was recorded for the 
water-sprayed control (Wo). The per cent increase in under ground plant fresh weight 
resulted from 10"^ M Kn was 87.50, 78.57, 60.68, 71.35 and 76.53 and from 10"V Kn 
was 80.75, 77.14, 60.08, 70.96 and 75.00 perj;ent over the water-sprayed control at 
90, 105, 120, 135 and 150 DAP^respectively (Table 49). 
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4.4.1,11 Underground plant dry weight 
Among treatments of Kn, 10'*'M Kn proved best for underground plant dry 
weight at each stage.^Significant rHmmicmi value was recorded for the water-sprayed 
control (Wo). The per cent increase due to 10"''M Kn over the control was 81.82, 
78.57, 60.00, 73.49 and 75.08 at 90, 105, 120, 135 and 150 DAPyespectively. 
Moreover treatment lO'^ M Kn increased underground plant dry weight by 88,64, 
79.87, 60.77, 73.49 and 76.58 per cent over the water-sprayed control at 90, 105, 120, 
135 and 150 DAP respectively (Table 49). 
4.4.2 Physiological characteristics 
4.4.2.1 Photosynthetic characteristics 
Effect of kinetin on photosynthetic characteristics at each stage was significant 
(Tables 50-51). 
4.4.2.1.1 Chlorophyll content 
Treatment 10"^ M Kn gave significant maximum value at 135 and 150 DAP. 
XT 
However, maximum value for 10' M Kn at 90, 105 and 120 DAP was equalled b5^that 
f&r'lO' M Kn. Minimum val\ie(^^f^ recorded for the water-sprayed control (Wo) at all 
stages but the value was equalled by that for 10"''M Kn at 90 and 105 DAP. Treatment 
10"^ M Kn increased chlorophyll content by 11.50, 6.72, 6.29, 4.67 and 7.46 per cent 
over the water-sprayed control at 90, 105, 120, 135 and 150 DAPyespectively (Table 
50). 
4.4.2.1.2 Chlorophyll harvest 
Treatment 10' M Kn gave significant maximum value for chlorophyll harvest. 
The water-sprayed control (Wo) gave significantly HiHHfiwm value^at 105, 120, 135 
and 150 DAP but at 90 DAP, its minimum value was equalled;b/that ^ 10'V Kn. 
Treatment lO'^MKn gave 63.56, 132.27,48.25, 51.31 and 54.02 per cent higher value 
than the water-sprayed control at 90, 105, 120, 135 and 150 DAP.respectively (Table 
50). 
4.4.2.1.3 Photosynthetic rate 
Rate of photosynthesis was affected by all sprayed treatments of Kn 
significantly. Significant maximum value^was recorded for lO'^ M Kn at all samplings. 
The water-sprayed control (Wo) gave significantly minimum value. Treatment 10"^ M 
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Kn increased photosynthetic rate by 13.26, 15.08, 25.88, 22.27 and 21.94 per^cent 
respectively over the control at 90, 105, 120, 135 and 150 DAR,respectively (Table 
51). 
4.4.2.1.4 Stomatal conductance 
-5 Spray treatment 10" M Kn gave significant maximum value) for stomatal 
conductance at 105, 120, 135 and 150 DAP but at 90 DAP its value w^ equalled jay 
that jR5r lO'^ 'M Kn and 10' ' 'M Kn. Significantly lowp«i value>y^ recorded for the 
water-sprayed control (Wo) at all stages except at 105 DAP, its value was equalled^ 
that £dr 10 M Kn. The per cent increase in stomatal conductance recorded for 10' M 
Kn was 5.08, 4.56, 5.30, 7.95 and 7.48 per cent over the water-sprayed control at 90, 
105, 120, 135 and 150 DAR^respectively (Table 51). 
4.4.2,1.5 Photosynthetic water use efficiency 
Photosynthetic water use efficiency was affected significantly by Kn 
application.. Maximum value was recorded for 10 M Kn, and the value differed 
significantly from the values for other treatments. Significantly - lowest value was 
recorded for the water-sprayed control (Wo) at all stages of sampling. Treatment 
10"^ M Kn gave 11.33, 10.10, 19.55, 13.27 and 13.44 per^/ent higher value for 
photosynthetic water use efficiency than the water-sprayed control at 90, 105, 120, 
135 and 150 DAP respectively (Table 51). 
4.4.2.2 Nutrient contents in plant 
Nutrient coi/ents at each stage were not affected significantly by Kn 
treatments (Table 52). 
4.4.2.2.1 Nitrogen content 
The effect of Kn treatments on nitrogen corjilfent was non-significant (Table 
52). 
4.4.2.2.2 Phosphorus contentjJ-, 
Phosphorus coi/ent' was not found to be affected significantly by Kn 
treatments (Table 52). 
4.4.2.2.3 Potassium content 
There was no significant effect of Kn treatments on potassium consent in 
plants (Table 52). 
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4.4.2.3 Nutrient uptake 
Kinetin treatments affected nutrient uptake at each stage significantly (Table 
53). 
4.4.2.3.1 Nitrogen uptake nj> 
Maximum valued•\j4ais recorded for 10" M Kn at all stages but the value was 
equalled/y that |& 10""M Kn at 90 and 105 DAP. Application of 10"'M Kn resulted 
in 64.46, 63.06, 26.75, 24.22 and 22.83 per cent increase in nitrogen uptake over the 
water-sprayed control (Wo) at 90, 105, 120, 135 and 150 DAR respectively (Table " 
53). 
4.4.2.3.2 Phosphorus uptake 
Treatment lO'^ M Kn gave maximum value at all stages but at 90, 105 and 120 
DAP the value was equalledJ/y that |i^lO"^M Kn. Significantly minimum value was 
noted for the water-sprayed control (Wo) at all stages. Treatment lO'^ M Kn gave 
67.60, 56.84, 25.28, 26.64 and 21.93 per cent increase in phosphorus uptake in 
comparison with the water-sprayed control at 90, 105, 120, 135 and 150 DAP 
respectively (Table 53). 
4.4.2.3.3 Potassium uptake 
Treatment 10' M Kn gave maximum value^at all stages, but it was equal in 
effect with that of 10 M Kn at 90 and 105 DAP. Significant wimfrvam value^v^^s 
recorded for the water-sprayed control (Wo) at all stages of crop growth. Application 
of 10"^ M Kn gave 67.80, 54.81, 30.51, 21.72 and 16.57 perj;ent higher value)for 
potassium uptake in comparison with the water-sprayed control at 90, 105, 120, 135 
and 150 DAP respectively (Table 53). 
4.4.3 Yield characteristics 
There was significant effect of kinetin on yield characteristics at each stage 
(Tables 54-56). 
4.4.3.1 Leaf number per plant 
Significant maximum value was given by 10"^ M Kn at all stages. On the other 
,Vvt 
hand, sigaifieaEcUowest value was recorded for the water-sprayed control (Wo). The 
per cent increase in leaf number resulted from the application of the lO'^ M Kn over 
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the water-sprayed control was 38.14, 43.94, 21.21, 30.35 and 29.44 at 90, 105, 120, 
135 and 150 DAP respectively (Table 54). 
4.4.3.2 Branch number per plant 
Among all spray treatments of Kn, lO'^ M Kn gave maximum value at all 
stages, except at 90 DAP at which 10"^ M Kn exhibited highest value. At 90 DAP, the 
effect of lO'^ M Kn was at par with that of 10"^ M Kn and at 105 and 135 DAP, the 
effect of 10"^ M Kn was equal to that of 10' M Kn. Significant joiifiinmm valu^yy*^ 
in effect with of 10"'*M Kn. The per cent increase in branch number due to 10"^ M Kn 
recorded for water-sprayed control (Wo) at all stages, except at 105 DAP, it was equal 
rje 
was 29.28, 35.71, 58.05, 46.66 and 56.73 compared with the water-sprayed control at 
90, 105, 120, 135 and 150 DARrespectively (Table 54). 
4.4.3.3 Leaf yield per plant 
Treatment lO'^ M Kn gave maximum leaf yield per plant at all stages, except at 
90 DAP at which lO'^ M Kn showed highest effect. However, at 90 and 105 DAP, 
lO-'^ Mand 10"^MKn were equally effective. Effect of water-sprayed control (Wo) was 
significantly low^i at all samplings. The per cent increase in leaf yield due to 10' M 
Kn over the water-sprayed control was 67.02, 58.88, 24.09, 13.76 and 32.79 at 90, 
105, 120, 135 and 150 DAP respectively (Table 55). 
4.4.3.4 Stem yield per plant 
Treatment 10' M Kn exhibited maximum value at all stages, however at 90 
DAP, its effect was at par with that of lO'^ M Kn. On the other hand, minimum value 
was recorded for the water-sprayed control (Wo) at all the stages. The increase in stem 
yield due to lO'^ M Kn over the control at 90, 105, 120, 135 and 150 DAP was 56.40, 
58.6], 34.02, 25.54 and 27.16 per^centrespectively (Table 55). 
4.4.3.5 Herb yield per plant 
Treatment 10' M Kn gave maximum value at all stages however at 90 and 105 
DAP, its effect was equalled by that of lO'^ M Kn. The effect of the water-sprayed 
control was significantly lowe^at all stages of sampling. Application of lO'^ M Kn 
resulted in 62.01, 65.86, 28.85, 19.44 and 19.33 per cent higher herb yield over the 
water-sprayed control at 90, 105, 120, 135 and 150 DAP respectively (Table 55). r ' 
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it i:, A 
4.4.3.6 Oil con/ents^^"^ 
Maximum value was recorded for 10"^ M Kn at all stages, except 90 DAP, at 
which its effect was at par with that of 10'''M Kn. Significant minimum value was 
recorded for water-sprayed control (Wo) at all stages except 90 DAP, at which its 
value was equalled by that for 10 M Kn. The increase in oil coijtent due to 10 M Kn 
over the water-sprayed control was 12.17, 14.58, 45.45, 44.04 and 21.05 per cent at 
90, 105, 120, 135 and 150 DARrespectively (Table 56). * 
4.4.3.7 Oil yield per plant 
Spray treatment 10"^ M Kn gave maximum value for oil yield at each stage 
however at 90 and 105 DAP, its effect was at par with that of lO'^ M Kn. Significant 
low,g^ value was recorded for the water-sprayed control (Wo) at all sampling stages 
except 90 DAP, at which it was equal to 10"*M Kn in effect. Treatment lO'^ M Kn 
gave 82.72, 81.07, 80.46, 64.15 and 60.76 per cent increase in oil yield over the 
water-sprayed control at 90, 105, 120, 135 and 150 DARrespectively (Table 56). 
4.5 Experiment 5 
This factorial randomized design experiment was planned to investigate the 
effect of four levels of soil-applied nitrogen, i.e. 0, 60, 90 and 120 kg/ha (selected on 
the basis of results of Experiment 1) and foUar spray of 10"^ M GA3, 10"'*M GA3, 
10"^ M Kn and lOTVI Kn alone as well as in combination on growth, physiological and 
yield characteristics at various stages of crop growth as described in Experiment 1. 
The results are summarized (Tables 57-85). 
4.5.1 Growth characteristics 
Effect of nitrogen and phytohormones and of their interaction on all growth 
characteristics except interaction effect on leaf area ratio, specific leaf area and 
specific leaf weight at all stages litas" significant (Tables 57-67). 
4.5,1.1 Plant height v 
Treatment N90 gave maximum valuei^ at all sampling stages. jMinimum value 
was recorded for the control (No) but at 120 DAP Neo gave significantly, lowest value 
and at 135 DAP was equal in effect with that of the control (No). The per cent increase 
in plant height resulted from application of N90 over the control was 7.37, 9.67, 17.83, 
8.25 and 8.62 at 90, 105, 120, 135 and 150 DARrespectively. 
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As far as effect of phytohormones was concerned, treatment IO'^'M GA3 gave 
Q^ maximum value, and differed significantly from other treatments at 120 DAP. 
However at 90, 105, 135 and 150 DAP, it was equal to that;>rlO"'M GA3 in effect. 
Sigftrftcantty lowest value was recorded for the water-sprayed control (Wo), The per-
cent increase in plant height resulted from lO'V GA3 was 20.63, 27.07, 31.70, 23.82 
and 24.03 c 
respectively. 
 .  over the water-sprayed control at 90, 105, 120, 135 and 150 DAP 
With regard to interaction effect, NgoxlO'^ M GA3 gave maximum value and 
equal to that of Ni2o>^ 10"^ M GA3 at 120 DAP and also to N^oxlO'^M GA3 and 
NgoxlO'^ M GA3 at 90 DAP in effect. However at 105, 135 and 150 DAP, the value 
differed significantly from those for all other interactions.Xowest value was noted for ^ 
the control (NQXWO) at all sampling stages. The increase in plant height due to 
N9oxlO"^ M GA3 over the control was 39.59, 49.19, 75.66, 57.46 and 53.52 per cent at ' 
90, 105, 120, 135 and 150 DAP-,respectively (Table 57). 
4.5.1.2 Root length , 
Significant maximum valu^wets recorded for N90 at all stages. Control (No) 
r 
showed significantly l o w ^ effec^at each sampling. Treatment N90 gave 18.82, 23.86, 
38.18, 41.11 and 40.00 per cent increase in root length over the control at 90, 105, 
120, 135 and 150 DAP respectively. 
Pertaining to phytohormones, 10" M Kn gave significant maximum value for 
root length at 90, 105, 135 and 150 DAP. However at 120 DAP, its highest effect was 
equal to tha t^ lO" M Kn. The water-sprayed control (Wo) gave significantly lowe/t 
valu(5,at all samphngs. The per cent increase in root length due to IG'^ M Kn over the ' 
water-sprayed control was 13.93, 36.75, 41.68, 31.31 and 32.04 at 90, 105, 120, 135 
and 150 DAR respectively. 
Regarding interaction effect, N9oxlO"M Kn gave maximum value and the 
value was equalled by that for N^QXIO'^M Kn at 90 and 105 DAP. Whilst at 135 and 
150 DAP it was equally effective with NgoxlO'^ M Kn. The value recorded for the 
control (NQXWO) was significantly lowe/at 90, 105, 135 and 150 DAP but at 120 
DAP, it was statistically equal to that for NeoxWo. The per cent increase in root length 
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due to NgoxlO'^ M Kn over the control was 55.48, 81.22, 102.66, 90.96 and 90.89 per 
cent at 90, 105, 120, 135 and 150 DAP.respectively (Table 58). 
4.5.1.3 Leaf area 
Among nitrogen treatments, N90 gave maximum valueCat all stages of crop 
growth. On the other hand, the control (No) gave significantly minimum value). The 
per cent increase in leaf area recorded due to N90 compared with the control was 
35.24, 39.74, 42.42, 28.73 and 31.16 at 90, 105, 120, 135 and 150 DAPyespectively. 
As far as phytohormones were concerned, treatment lO'^M Kn gave maximun} 
value^t all stages, however its effect was equal to that of lO'^ M GA3 at 120 and 135 
DAP. Significant minimum value was recorded for the water-sprayed control (Wo). 
Treatment 10"^ M Kn gave 64.93, 84.76, 33.51, 28.92 and 30.21 per cent higher value 
for leaf area than the water-sprayed control (Wo) at 90, 105, 120, 135 and 150 DAP 
respectively. 
Regarding interactions, NgoxlO'^ M GA3 gave maximum valu^ at each 
sampling stage, however its value was equalled by that for N9oxlO'^ M Kn at 150 
DAP. The control (NoxWo) gave significant tmmmctm valua>at all samplings. The 
increase in leaf area due to N9oxlO"^ M GA3 was 198.29, 221.57, 111,98, 83.97 and 
86.33 per cent over the control at 90, 105, 120, 135 and 150 DAP^respectively (Tables 
59). 
4.5.1.4 Leaf area ratio 
Among nitrogen treatments, N90 gave maximum value and the value was 
equalled by that for Nno at 90, 135 and 150 DAP, and by that for Neo at 105 DAP. 
The lowest value was recorded for the control (No) at all stages. The per cent increase 
in leaf area ratio resulted from the application of N90 was 15.83, 99.71, 15.61, 10.46 
and 12.32 over the control at 90, 105, 120, 135 and 150 DAPyespectively. 
Regarding phytohormones, 10"'^ M Kn at 90 DAP and IO'^'M GA3 at 120 DAP 
gave maximum value. The effect of lO'^ M Kn was at par with that of 10"^ M Kn at 90 
DAP and lO'^ M GA3 was at par with that of lO'^ M GA3 at 120 DAP. Moreover, 
10"'^ M Kn at 105 DAP and lO'^ M Kn at 135 and 150 DAP gave significantly higher 
value in comparison to that for other treatments. On the other hand, the water-sprayed 
control (Wo) gave lowest value at all stages. The per cent increase in leaf area ratio 
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due to 10"^ M GA3 was 22.62, 28.10, 24.83, 8.01 alid .^7.29 and due to lO'^ M Kn was 
33.46, 32.46, 19.53, 15.75 and 16.73 over the controrat'^r-lie)S-i:4-26; 135 and 150 
DAP respectively. 
The interaction effect on this characteristic was found non-significant (Table 
60). 
4.5.1.5 Specific leaf area 
Among nitrogen treatments, N90 gave maximum value^at all stages, except at 
90 DAP at which Nno gave jnaximum value. On the other hand, the control (No) gave 
' lowest value at all samplings. The per cent increase in specific leaf area due to N90 
over the control was 22.28, 11.16, 17.14, 7.66 and 9.33 at 90, 105, 120, 135 and 150 
DAP respectively. 
With regard to phytohormones, 10"^ M Kn gave maximum valu^at all 
sampHngs. However, it was equal to that of lO'^ M Kn at 90, 105 DAP and 10"% GA3 
and 10"% Kn at 135 and 150 DAP in effect. Moreover, all sprayed phytohormone 
concentrations were equal in effect at 120 DAP. Sigliifcaflt lowest value was 
recorded with the water-sprayed control (Wo) at all stages except 90 DAP, at which 
10"% GA3 gave minimum value. The per cent increase in specific leaf area due to 
10"% Kn over the water-sprayed control was 16.64, 72.89, 25.84, 21.44 and 21.94 
per cent at 90, 105, 120, 135 and 150 DAP.respectively. 
The interaction effect on specific leaf area was non-significant (Table 61). 
4.5.1.6 Leaf dry weight 
Treatment N90 gave significant maximum value at all stages. On the other 
hand, control (No) showed significantly lowey^effec^.Ngo gave 12.20, 27.32, 21.48, 
19.59 and 19.31 per cent increase in leaf dry weight in comparison with the control at 
90, 105, 120, 135 and 150 DAP^respectively. 
With regard to phytohormones, treatment 10"% GA3 gave maximum value at 
all stages. However, its effect was at par with that of 10"% Kn at 90 DAP and with 
that of 10"% GA3 at 105 DAP, and with that of 10"% Kn and 10"% Kn at 120 DAP. 
Significant' lowest value was registered lor the water-sprayed control (Wo) at all 
stages. The per cent increase in leaf dry weight due to 10"% Kn over the 
water-sprayed control was 44.00, 7.81, 5.89, 6.38 and 6.85 at 90, 105, 120, 135 and 
C 
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150 DAR respectively. Moreover, treatment lO'^ M GA3 gave 45.00, 10.94, 6.03, 9.26 
and 7.58 per cent higher values over the water-sprayed control at 90, 105, 120, 135 
and 150 DAR respectively. 
Regarding interaction effect, Ngo^ l^O'^ M GA3 gave significant maximum value 
at 105, 120, 135 and 150 DAP. However at 90 DAP, its maximum value was equalled 
by those for N^QX 10" M GA3 and Ngo^ 10 M GA3. Significgmt lowest value was given 
by the control (NoWo) at all samplings. The per cent increase in leaf dry weight 
resulted from the application of N9o l^O"^ M GA3 over the control was 83.83, 58.28, 
44.19, 37.66 and 38.82 at 90, 105, 120, 135 and 150 DAPj-espectively (Table 62). 
4.5.1.7 Specific leaf weight 
Maximum specific leaf weight was recorded with the control (No) at all stages, 
however its value was at par with that for Neo at 120, 135 and 150 DAP. On the other 
hand, N90 and Nno being at par gave minimum value at all stages. The per cent 
decrease in specific leaf weight due to N90 over the control (No) was 20.48, 12.43, 
18.18, 8.39 and 10.14 at 90, 105, 120, 135 and 150 DAP^respectively. 
Among spray treatments, the water-sprayed control (Wo) gave maximum value 
at all stages, except 90 DAP, at which 10"^ M GA3 gave maximum value, and the value 
was at par with water-sprayed control (Wo) in effect. Treatment lO'^ M Kn gave 
minimum value at all samplings, but at 90 DAP, it was equal in effect to lO'^ M Kn, 
and at 105 DAP also to lO'^ M GA3. At 120, 135 and 150 DAP, lO'^ M Kn, lO^ '^ M Kn, 
10"^ M GA3 and 10'' 'M GA3 being at par showed equal effect. The per cent decrease in 
specific leaf weight due to lO'^ M Kn in comparison with the water-sprayed control 
was 18.95, 73.78, 25.16, 21.13 and 22.49 at 90, 105, 120, 135 and 150 DAP^ 
respectively. 
The interaction effect of nitrogen and phytohormones on specific leaf weight 
was found to be non-significant (Table 63). 
4.5.1.8 Stem dry weight 
Treatment N90 gave significant maximum value at all stages. The value 
recorded for the control (No) was significantly lowegi at each stage of sampling. 
Treatment N90 gave 21.03, 19.62, 18.70, 18.45 and 18.01 per cent increase in stern dry 
weight over the control at 90, 105, 120, 135 and 150 DAP respectively. > 
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Regarding phytohormones, treatment 10"^ M GA3 at 90, 135 and 150 DAP and 
10"^ M Kn at 105 and 120 DAP gave maximum value. However, the value recorded 
for 10"^ M GA3 was equal to that for lO'^ M Kn at 90 DAP. Treatments lO'^ M Kn and 
10"^ M at 120 DAP were equally effective. The significant minimum value was 
recorded for the water-sprayed control (Wo) at all samplings. In comparison with the 
control the increase in stem fresh weight at 90, 105, 120, 135 and 150 DAP due to 
10"^ M GA3 was 29.59, 34.46, 4.33, 17.43 and 17.60 per cent and due to lO'^ M Kn was 
28,57, 40,45, 7,43, 13,82 and 13.31 per cent.respectively. 
With regard to interactions, Ngo^ l^O'^ M GA3 gave maximum value at all 
stages. At 90 DAP, its effect was equalledj>/that^N9oxlO"'^M Kn, Ngo^lO'V GA3, 
Ni2oxlO'^ M Kn and at 105 DAP, by that ofNgoxlO"^ Kn. The effect of the control 
h (NoxWo) was significantly lowegf at all stages. The per cent increase in stem dry 
weight resulted from the application of N9oxlO"^ M GA3 over the control was 75.95, 
93.49, 38.45, 47.24 and 47.87 at 90, 105, 120, 135 and 150 DAP. respectively 
(Table 64). 
4.5.1.9 Aboveground plant dry weight 
Among nitrogen treatments, N90 produced significantly higheX plant dry 
matter in comparison with other treatments at all stages, except 90 DAP, at which the 
value was equalled by that for Ni2o- Stgnificant-lowest value was recorded for the 
control (No) at each sampling stage. Treatment N90 gave 12.37, 23.88, 20.54, 18.57 
and 18.65 per cent more aboveground plant dry weight than the control at 90, 105, 
120, 135 and 150 DAP.respectively. 
Pertaining to the effect of phytohormones, 10"^ M Kn gave maximum value at 
90, 105 and 120 DAP but at 135 and 150 DAP, the maximum value was given by 
lO'^ M GA3. However, the effect of 10"^ M Kn was equal to that of lO'^ M GA3 and 
lO'^ M Kn at 90 and 120 DAP, and to those of lO'^ M GA3 and 10"V GA3 at 105 DAP. 
The effect of the water-sprayed control (Wo) was significantly jniaiewm at all 
samplings. In comparison with the control the per cent increase in aboveground plant 
dry weight due to lO'^MKn was 37.40, 21.38, 6.61, 10.17and 10.13 and due to 10"^ M 
GA3 was 34.86, 21.23, 5.16, 13.04 and 12.16 at 90, 105, 120, 135 and 150 DAR 
respectively. 
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Regarding interactions, Ngo^lO'M GA3 gave maximum value at all 
samplings, but its effect was at par with that of Ngo^ 10"% GA3, Ni2o>< 10"% GA3 and 
N9oxlO"% Kn at 90 DAP, and with those of NgoxlO"^ Kn at 105, 120 and 150 DAP. 
Significant minimum value was given by the control (NoWo). Treatment NgoxlO"^ 
GA3 gave 78.59, 73.11, 40.81, 42.14 and 43.31 per cent aboveground plant dry matter 
than the control at 90, 105, 120, 135 and 150 DAP^respectively (Table 65). 
4.5.1.10 Underground plant fresh weight 
Maximum value was recorded for N90, and minimum for the control (No) at all 
sampling stages. The per cent increase in underground plant fresh weight due to N90 
over the control was 32.03, 27.54, 19.64, 23.34 and 24.10 at 90, 105, 120, 135 and 
150 DAP.respectively. 
Among spray treatments, 10' M Kn gave maximum value, however its effect 
was equalled by that of lO'^ M Kn at 90, 105, 135 and 150 DAP. The minimum value 
was given by the water-sprayed control (Wo) at all stages. The per cent increase in 
underground plant fresh weight due to 10"% Kn over the water-sprayed control was 
31.80, 70.39, 54.48, 47.87 and 49.75 at 90, 105, 120, 135 and 150 DA^respectively. 
Regarding interaction effect, N9oxlO'''M Kn gave significant maximum value 
at 90, 105, 120 and 150 DAP, however at 135 DAP, its effect was at par with those of 
N9oxlO"^ M GA3 and Ni2oxlO"% Kn. Significant minimum value was recorded for the 
control (NoxWo) at all samplings. Treatment NgoxlO"^ GA3 gave 120.41, 170.58, 
83.40, 91.60 and 93.19 per cent more underground plant fresh matter than the control 
at 90, 105, 120, 135 and 150 DAP^respactively (Table 66). 
4.5.1.11 Underground plant dry weight 
Significant maximum and minimum values were given by N90 and control 
(No) respectively at all samplings. Treatment N90 resulted in 31,75, 27.41, 19.64, 
23.37 and 26.28 per cent increase in underground plant dry weight over the control at 
90, 105, 120, 135 and 150 DAP.respectively. 
Regarding phytohormones effect, 10"% Kn gave maximum value at all stages, 
however its value was equalled by that for 10"% Kn at 90, 105, 135 and 150 DAP 
Significant lowest value was given by the water-sprayed control (Wo) at all stages, 
4 '^ A' 
except 90 DAP, at which 10" M GA3 showed significantly lowest effect. The per cent 
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increase in underground plant dry weight resulted from the application of 10"^ M Kn 
over the control was 31.30, 70.76, 54.42, 47.81 and 46.90 at 90, 105, 120, 135 and 
150 DAP.respectively. 
Regarding interactions, NgoxlO'^ 'M Kn gave maximum value^for underground 
plant dry weight at all growth stages, but at 135 DAP, its effect was equalled by that 
of N9o><10'^ M GA3. The effect of control (NQXWO) was lowest at all stages. The 
increase in underground plant dry weight due to Ngo l^O" M Kn over the control was 
120.93, 176.47, 83.72, 91.77 and 93.19 per cent at 90, 105, 120, 135 and 150 DAR 
respectively (Table 67). 
4.5.2 Physiological characteristic 
4.5.2.1 Photosynthetic characteristics 
Effect of soil-applied nitrogen and leaf-applied phytohormones alone as well 
as of their interaction on photosynthetic characters studied was significant at all stages 
(Table 68-72). 
4.5.2.1.1 Chlorophyll content ^ ^ ^ 
\c Maximum value was recorded for N90 at all stages. Minimum significant value 
was recorded for the control (No). The increase in chlorophyll content due to N90 over 
the control was 8.70, 23.81, 23.60, 16.81 and 19.73 per cent at 90, 105, 120, 135 and 
150 DAR respectively. 
Among phytohormone treatments, lO'^ M GA3 gave significant maximum 
value at all stages, except 90 DAP, at which its value was equalled by that for lO'^ M 
Kn. On the other hand significant lowest value:>^«tf noted for the water-sprayed 
control (Wo). Application of treatment 10"^ M GA3 resulted in 8.51, 11.61, 9.33, 12.55 
and 11.26 per cent increase in chlorophyll content over water-sprayed control at 90, 
105, 120, 135 and 150 DARrespectively. 
With regard to interaction effect, N9oxlO'^ M GA3 gave maximum value at all 
stages. However, it was equal to N9oxlO"^ M Kn at 90, 120 and 150 DAP in effect. 
Significant minimum value was recorded for control (No^Wo) at all samplings. The 
per cent increase in chlorophyll content by N9oxlO'^ M GA3 over the control at 90, 
105, 120, 135 and 150 DAP was 46.36, 45.38, 43.75, 37.44 and 42.86 per cent, 
respectively (Table 68). 
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4.5.2.1.2 Chlorophyll harvest 
Treatment N90 and the control (No) gave maximum and minimum values 
respectively at each growth stage. Treatment N90 gave 44.96, 70.71, 75.68, 50.12 and 
58.04 per cent increase in chlorophyll harvest over the control at 90, 105, 120, 135 
and 150 DAP respectively. 
As far as phytohormone effect was concerned, 10' M Kn at 90 DAP and 10' M 
GA3 at 120, 135 and 150 DAP gave significantly maximum values. However, at 105 
DAP, the value given by lO'^ M Kn was equal to that for 10"^ M GA3. On the other 
hand, significant minimum value was recorded for the water-sprayed control (Wo). 
The increase in chlorophyll harvest due to lO'^ M Kn was 96.68, 100.33, 42.12, 39.17 
and 41.58 per cent and due to 10"^ M GA3 was 87.10, 99.06, 45.74, 44.58 and 45.81 
per cent over the water-sprayed control at 90, 105, 120, 135 and 150 DAP 
respectively. 
Regarding interaction effect, Ngo^ l^O'^ M GA3 gave significant maximum value 
ru 
at all stages. The value recorded for the control (NQXWO) was significantly lowe^ at 
all stages. The increase in chlorophyll harvest due to NgoXlO'^ M GA3 over the control 
was 336.22, 367.55, 204.01, 152.86 and 173.79 per cent at 90, 105, 120, 135 and 150 
DAR respectively (Table 69). 
4.5.2.1.3 Photosynthetic rate 
Treatment N90 gave significant maximum value at each stage of sampling. On 
the other hand, significant minimum value was noted for the control (No). The 
increase in rate of photosynthesis by N9a over the control at 90, 105, 120, 135 and 150 
DAP, was 21.81, 18.50, 20.05, 15.19 and 15.17 per centJ-espectively. 
Pertaining to phytohormone treatments, 10"^ M Kn at 90, 105 and 120 DAP 
and IQ-^ M GA3 at 135 and 150 DAP gave maximum value. Treatments lO'^ M Kn and 
10" M Kn were equally effective at 105 and 120 DAP. Significant minimum value 
was recorded for the water-sprayed control (Wo) at all stages. In comparison with the 
water-sprayed control, increase in rate of photosynthesis due to lO'^ M Kn was 31.81, 
15.19 and 4.76, 7.66 and 7.43 per cent and due to 10"^ M GA3 was 31.81, 15.07, 4.13; > 
9.67 and 6.59 per cent at 90, 105, 120, 135 and 150 DAP. respectively. 
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Regarding interaction effect, N90XIO" M GA3 gave maximum value at each 
stage, and the value was equalled by that for NsoxlO'^ ^M GA3 and NgoXlC'^ M Kn at 90 
DAP and by those for NgoXlO'^ ^M Kn at 105, 120 and 135 DAP. On the other hand, 
stgntirrant minimum value was given by the control (NoxWo). The increase in rate of 
photosynthesis resulted from the appUcation of NgoxlO'^ M GA3 was 60.13, 35.79, 
35.62, 27.90 and 26.67 per cent over the control at 90, 105, 120, 135 and 150 DAP^ 
respectively (Table 70). 
4.5.2.1.4 Stomatal conductance 
Among treatments of nitrogen, maximum and minimum value was given by 
N90 and control (No\respectively. Treatment N90 gave 11.20, 9.33, 9.83, 6.57 and 6.34 
per cent increase in stomatal conductance in comparison with the control at 90, 105, 
120, 135 and 150 DAP^respectively. 
Regarding phytohormones, lO'^ M Kn at 90, 105 and 120 DAP and lO'^ M GA3 
at 135 and 150 DAP gave maximum value for stomatal conductance. The 
water-sprayed control (Wo) gave significant lowe^ value^^at all samplings. The 
increase in stomatal conductance resulted from application of 10"^ M Kn was 18.53, 
7.33, 3.36, 3.00 and 2.78 per cent and, from 10"^ M GA3 was 15.52, 7.00, 1.68, 3.75 
and 3.54 per cent over the water-sprayed control at 90, 105, 120, 135 and 150 DAP, 
respectively. 
Regarding interaction effect, N9oxlO"^ M GA3 gave maximum value and the 
value was equalled>5^that^ N9oxlO"V GA3 at 90 DAP and by that for N9oxlO"^ M 
Kn at 105, 120, 135 and 150 DAP. Significant minimum value was recorded for the 
control (NQXWO) at all stages. The increase in stomatal conductance due to N9oxlO"^ M 
GA3 over the control was 29.78, 16.21, 14.79, 10.03 and 9.82 per cent at 90, 105, 120," 
135 and 150 DAP;,respectively (Table 71). 
4.5.2.1.5 Photosynthetic water use efficiency 
Of nitrogen treatments, N90 and the control (No) gave maximum and minimum 
value;^respectively. Treatment N90 gave 9.38, 8.60, 10.84, 8.19 and 8.46 per cent 
increase in photosynthetic water use efficiency over the control at 90, 105, 120, 135 
and 150 DAp, respectively. 
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Among phytohormones, 10 M Kn at 90 and 120 DAP and lO'^ M GA3 at 135 
and 150 DAP gave significant maximum value. However, at 105 DAP lO'^ M Kn and ' 
1 O^ M^ GA3 were equally effective. On the other hand, the water-sprayed control (Wo) 
gave significant minimum value at each growth stage. The per cent increase in 
photosynthetic water use efficiency resulted from the application of 10"^ M Kn was 
15.99, 7.17, 4.36, 4.57 and 4.82 and from the apphcation of 10"^ M GA3 was 13.78, 
6.33, 14.49, 3.52 and 5.83 per cent over water-sprayed control at 90, 105, 120, 135 
and 150 DAP respectively. 
Regarding interaction effect, NgoxlO" M GA3 gave significant maximum value 
at 120, 135 and 150 DAP, however its maximum value was equalled b^ ^ t h a t ^ 
NgoxlO'^ M GA3 at 90 DAP and by that for Ngo^lO'V Kn at 105 DAP. Minimum 
value was recorded for the control (NoxWo) at all stages. 
In comparison to the control N9o><10"^ M GA3 gave 23.40, 16.85, 18.13, 16.28 
and 15.34 per cent higher value for photosynthetic water use efficiency at 90, 105, 
120, 135 and 150 DAPyespectively (Table 72). 
4.5.2.2 Nutrient contents in plant 
The effect of soil-applied nitrogen on nitrogen coijljfent was found significant at 
all stages. However, effect of leaf-applied phytohormones and their interaction with 
soil-applied nitrogen on nitrogen, phosphorus and potassium con^ent^ was 
significant at all stages (Tables 73-75). 
4.5.2.2.1 Nitrogen content 
Significant maximum value was registered for N90 at all stages. Effect of the 
control (No) was l o w ^ a t all samplings. The per cent increase in nitrogen consent due 
to N90 over the control was 30.92, 35.82, 38.22, 26.87 and 24.84 at 90, 105, 120, 135 
and 150 DAP respectively. 
The effect of phytohormones on nitrogen coi];t^ nt was found non-significant at 
all stages. 
The interaction effect on nitrogen conj^ fenf was also found non-significant at all ' 
stages (Table 73). 
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4.5.2.2.2 Phosphorus content r ^ " ^ 
Phosphoms coiuent remained unaffected by treatments of nitrogen and 
phytohormones alone as well as in combination at all stages (Table 74). 
4.5.2.2.3 Potassium conJ^ntV<i^^ 
The effect of nitrogen, phj^ohormone and of their interactions on potassium 
coi]/ent was found non-significant at all stages (Table 75). 
4.5.2.3 Nutrient uptake 
The effect of nitrogen and phytohormones alone as well as in combination on 
nutrient uptake was significant at all stages (Tables 76-78). 
4.5.2.3.1 Nitrogen uptake 
Of nitrogen treatments, N90 gave significantly maximum value at all stages. 
Minimum value was recorded for the control (No) at each growth stage. Treatment N90 
increased nitrogen uptake by 45.14, 67.20, 66.17, 48.07 and 47.03 per cent over the 
control at 90, 105, 120, 135 and 150 DARrespectively. 
Regarding phytohormones, maximum value was given by lO'^ M Kn at 90, 105 
and 120 DAP and by lO'^ M GA3 at 135 and 150 DAP. On the other hand, the 
water-sprayed control (Wo) gave signinettnt lowest value at all samplings. The 
increase in nitrogen uptake due to lO'^ M Kn was 31.72, 19.11 and 7.78, 10.77 and 
8.88 per cent and due to lO'^ M GA3 was 28.28, 18.67, 6.86, 12.69 and 9.66 per cent 
over the water-sprayed control at 90, 105, 120, 135 and 150 DAP^respectively. 
Pertaining to interaction effect, Ngo l^O'^ M GA3 gave significant higher value* 
at all samplings. S ignifieftttt" lowest value^ 3i««§ recorded for the control (No^Wo). 
Treatment NgoxlO'^ M GA3 gave 114.41, 126.85, 95.75, 87.95 and 81.11 per cent 
increase in nitrogen uptake compared with the control at 90, 105, 120, 135 and 150 
DAP-^respectively (Table 76). 
4.5.2.3.2 Phosphorus uptake 
Among nitrogen treatments, N90 gave maximum value for phosphorus uptake 
at all stages. On the other hand, significant lowest value was given by the control (No) 
at all stages. Application of N90 gave 10.81, 24.14, 20.70, 17.65 and 17.22 percent 
higher value than the control at 90, 105, 120, 135 and 150 DAP respectively. 
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Pertaining to phytohormones, 10" M Kn gave significant maximum value at 
90, 105 and 120 DAP while 10"^ M GA3 gave maximum value at 135 and 150 DAP. 
The sJgni-fieaHt lowest effect was noted for the water-sprayed control (Wo) at all 
stages. The increase in phosphorus uptake due to lO'^ M Kn was 36.00, 19.82, 6.48, 
9.67 and 11.43 per cent and due to lO'^ M GA3 was 29.60, 19.29, 6.12, 10.11 and 
12.17 per cent over the water-sprayed control at 90, 105, 120, 135 and 150 DAP 
respectively. 
Regarding interaction effect, N90XIO' M GA3 gave significant maximum value 
at all stages. On the other hand, Jowest significant value was recorded for the control 
(NQXWO) at 90, 105 and 135 DAP for NoxlO'V GA3 at 120 DAP and for Wo^Neo at 
150 DAP. The per cent increase in phosphorus uptake due to NgoxlO'^ M GA3 was 
63.52 at 90 DAP, 57.29 at 105 DAP, 43.75 at 120 DAP, 32.04 at 135 DAP and 30 at 
150 DAP over the control (Table 77). 
4.5.2.3.3 Potassium uptake 
Among nitrogen treatments, N90 proved best at all stages. Minimum 
significant value was given by the control (No) at all samplings. The increase in 
potassium uptake resulted from the application of N90 was 11.85, 22.29, 20.94, 20.25 
and 19.24 per cent over control at 90, 105, 120, 135 and 150 DAP respectively. 
As far as effect of phytohormones was concerned, lO'^ M Kn at 90, 105 and 
120 DAP and 10"'M GA3 at 135 and 150 DAP gave maximum valu^ Significant 
minimum value was recorded for the water-sprayed control (Wo) at all stages. The 
increase in potassium uptake due to lO'^ M Kn was 31.03, 22.16, 5.96, 9.55 and 10.23 
per cent and due to lO'^ M GA3 was 28.45, 21.57, 3.63, 13.13 and 14.17 per cent over 
the water-sprayed control at 90, 105, 120, 135 and 150 DAP^respectively. 
5 < ^ . 
Among interactions, N90XIO M GA3 gave^maximum value at all samplings. 
At 90 DAP, its value was equalled by that for N90X 10"^ M Kn and Ngox lO'^ M Kn, and 
for NgoxlO'^ ^M Kn at 120 and 135 DAP and for N^QXIO'^M GA3 and Ni2oxlO"^M Kn 
at 150 DAP. kMinimum value was recorded for the control (NoxWo) at all stages 
except 90 DAP, at which its value was equal to NgoxWo. The increase in potassium 
uptake due to NgoxlO'^ M GA3 over the control at 90, 105, 120, 135 and 150 DAP was 
62.86, 72.18, 32.43, 46.81 and 38.53 percent respectively (Table 78). 
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4.5.3 Yield characteristics 
Effect of nitrogen treatments and ph3^ohormones alone and of their interaction 
on yield parameters was significant (Tables 79-85). 
4.5.3.1 Leaf number per plant 
Maximum and minimum values were given by N90 and the control (No) 
respectively at all samplings. The increase in leaf number due to N90 over the control 
was 22.87, 25.74, 25.11, 20.73 and 21.57 per cent at 90, 105, 120, 135 and 150 DAP 
respectively. 
As far as phytohormone effect was concerned, lO'^ M GA3 gave significant 
maximum value at all stages. On the other hand minimum value was noted for the 
water-sprayed control (Wo) at each sampling. Treatment 10"^ M GA3 gave 50.01, 
57.79, 37.73, 31.46 and 33.48 per cent higher value for leaf number than the 
water-sprayed control at 90, 105, 120, 135 and 150 DAP^respectively. •* 
With regard to interaction effect, Nso^lO'^M GA3 gave Significant maximum 
A N 
value for leaf number at all stages.^Significant minimum value was recorded for the 
control (NoxWo) at all samplings. The per cent increase in leaf number due to 
N9oxlO"^ M GA3 compared with the control was 126.98 at 90 DAP, 138.88 at 105 
DAP, 78.54 at 120 DAP, 61.55 at 135 DAP and 68.84 at 150 DAP (Table 79). 
4.5.3.2 Branch number per plant 
Among treatments of nitrogen, N90 gave significant maximum value at each 
sampling. On the other hand the control (No) gave significantly minimum value at 
each stage. The per cent increase in branch number resulted from application of N90 
over the control was 42.02, 25.69, 26.71, 14.82 and 17.94 per cent at 90, 105, 120, 
135 and 150 DAPvrespectively. 
Pertaining to the effect of phytohormones, 10 M GA3 gave.significant 
maximum value at all stages except 90 DAP, at which it was equal to lO'^ M Kn, 
lO-'^ M Kn and lO^ '^ M GA3 in effect, lowest value was given by the 
water-sprayed control (Wo). In comparison with the water-sprayed control lO'^ M GA3 
gave 48.45, 37.88, 57.18, 28.28 and 29.55 per cent higher Value for branch number at 
90, 105, 120, 135 and 150 DAPyespectively. " 
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5 ^ 
Regarding interaction effect, Ngo l^O M GA3 gave, maximum value at all 
(K 
Stages. The control (No>^ Wo) gave^significant minimum value at each sampling stage. 
The per cent increase in branch number due to N9oxlO'^ M GA3 over the control was 
126.38, 79.48, 109.18, 70.27 and 75.49 at 90, 105, 120, 135 and 150 DAP 
respectively (Table 80). 
4.5.3.3 Leaf yield per plant 
Significant maximum value was noted for N90 and minimum for the control 
(No) at all samplings. The per cent increase in leaf yield due to N90 over the control 
was 12.66, 25.38, 22.06, 19.65 and 19.32 at 90, 105, 120, 135 and 150 DAP, 
respectively. 
Among phytohormones, T0"^ M Kn gave maximum value at 90, 105 and 120 
DAP, and 10"^ M GA3 at 135 and 150 DAP. However, at 90, 105 and 120 DAP, the 
value for lO'^ M Kn was equal to that for 10"^ M GA3. Sigemcant minimum value was 
recorded for the water-sprayed control (Wo) at all stages. The increase in leaf yield 
due to lO'^ M Kn was 45.56, 11.98, 6.27, 6.82 and 7.07 per cent and due to lO'^ M GA3 
was 44.90, 10.99, 6.06, 9.21 and 8.81 per cent over the control at 90, 105, 120, 135 
and 150 DAP respectively. 
/ (A 
Pertaining to the interaction effect, NgoxlO'^ M GA3 gave/jnaximum value at 
all stages. Significant minimum value was recorded for the control (NO^WQ) at all 
stages. The interaction Ngo l^O'^ M GA3 gave 84.0, 58.31, 44.22, 37.66 and 38.84 per 
cent higher value for leaf yield compared with the control at 90, 105, 120, 135 and 
150 DAP respectively (Table 81). 
4.5.3.4 Stem yield per plant 
Of nitrogen treatments, N90 gave significant maximum value^t all stages of 
sampling. The control (No) gave significant minimum value at all samplings. The 
increase in stem yield due to N90 over the control was 20.93, 19.77, 18.63, 18 51 and 
18.01 percent at 90, 105, 120, 135 and 150 DAPyespectively. 
Pertaining to phytohormones, lO'^ M Kn at 105 and 120 DAP and 10"^ M GA3 
at 135 and 150 DAP had significant maximum values, while at 90 DAP both these 
treatments were equal in their effect. Signincant minimum value was given by the 
water-sprayed control (Wo) at all stages. The per cent increase in stem yield due to 
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lO'M GA3 was 29.66, 34.47, 4.37, 17.46 and 16,76 and due to 10"^ M Kn was 29.09, 
40.55, 7.53, 17.46 and 17.61 per cent over the water-sprayed control at 90, 105, 120, 
135 and 150 DAP respectively. 
Regarding interaction effect, NgoxlO M GA3 gaveA^maximum value at all 
sampling stages. Stgiwfrcmit minimum value was given by the control (NoWo) at all 
stages. The per cent increase in stem yield due to N^^IO'^M GA3 over the control 
was 76.06, 93.69, 38.39, 47.22 and 47.94 at 90, 105, 120, 135 and 150 DAP. 
respectively (Table 82). 
4.5.3.5 Herb yield per plant ^ 
Of nitrogen treatments, significant maximum values^w^ recorded for N90 at all 
samplings. On the other hand,j5ignificant lowest value was noted for the control (No). 
The increase in the herb yield due to N90 over the control was 15.27, 23.73, 20.52, 
18.61 and 18.68 per cent at 90, 105, 120, 135 and 150 DAP.respectively. 
With regard to leaf-applied treatments, lO'^ M Kn gave maximum value at 90, 
105 and 120 DAP, however its effect was at par with that of lO'^ M GA3 at 90 DAP 
and with that of lO'^ M Kn at 120 DAP. Treatment lO'^ M GA3 gave maximum value at 
135 and 150 DAP. The effect of the water-sprayed control (Wo) was significantly 
lowe^ at all stages. The increase in herb yield due to 10"^ M Kn was 37.18, 21.11, 
6.60, 10.15 and 10.12 per cent and due to 10"^ M GA3 was 34.80, 21.07, 5.16, 13.00' 
and 12.19 per cent over the water sprayed control at 90, 105, 120, 135 and 150 DAP 
respectively. 
5 ^ 
Regarding interaction effect, Ngo l^O M GA3 gave maximum value at each 
sampling. The effect of the control (NoxWo) was significantly l o w ^ at all stages. In 
comparison with the control, NgoXlO'^ M GA3 gave 78.91, 73.01, 40.81, 42.13 and 
43.33 per cent higher herb yield at 90, 105, 120, 135 and 150 DAP>,respectively 
(Table 83). 
4.5.3.6 Oil content -x\\t 
Among nitrogen treatments, N90 proved best at all stages. .Lowest value was 
recorded for the control (No) at each growth stage. Treatment N90 gave 10.42, 11.11, 
9.38, 9.09 and 11.43 per cent higher value than the control at 90, 105, 120, 135 and 
150 DAKrespectively. 
X2 
61)1 
c 
'-4-» 
d 
u 
TO 
• 4 - * 
o 
o 
c 
c 
^ - t r i (N (X> (N ^ O —; 
^ ' ^ ' C~~' ^ ' 
O O r~- m OO 
r - o T^) (N OO 
b O 
l/^ 
m 
un 
00 
'^  
ON 
^ 
ON 
ON 
fo 
r-
o 
r^  
o 
m 
o 
m 
in 
o 
1—1 
O 
o b 
r-
00 
00 
vd 
00 
I — * 
1 — ( 
o 
I — < 
r~-
t^ 
o 
t^  
m 
o 
o 
^ 
ON 
VO 
00 
o VO 
o 
CN 
vd 
IT) 
r—1 
\o 
o 
(N 
r-^ 
1—* 
b 
00 
ON CN ^' 
ON 
b 
b O 
b O 
u. 
<U 
_N 
"•E 
<U 
u-
z 
en 
O 
•o 
c3 
^ 
~5b 
^ 
C~- r o O t > t--
00 ON CN NO \ 0 
0 \ 00 CN •—' b 
t ^ m O ro '-^ 
ro r<-i i n - ^ •'^ 
b —I CN ^ ' ^ ' 
o t~- t ^ m o 
.-^ i n ON i n 00 
r - 00 ON ON 00 
z z z z S 
Q 
in 
o 
CN 
00 — 
NO m 
0 \ CN 00 NO 
• ^ i n m m 
i n o m r^ 
m i n ^ NO 
b - ^ t~ - CO 
m in in in 
O O O O 
CN 00 o in 
ON m O r -
• ^ in NO m 
O m t~~ O 
r-- t~- i n ON 
r- o o o 
<N CN m NO 
r ^ CJN CN CN 
CN CN r o r ^ 
VO ON — 
(N 
m r^ r«-i m cN 
NO ON NO CN ^ 
•-^ m 00 00 m 
m m in m m 
m i n CN mi NO 
i n i n NO i n i n 
o 
in 
(N 
in 
in 
in 
C^ 
in 
o 
00 
C3N o i n 00 
NO --^ 00 C3N 
r--' O N CN —I 
CN CN m CO 
r-- m m t~- i n 
i n i n i n m cN 
^ b b CN ^ 
m r ^ m ro m 
O O 00 o o 
m o i n ON o 
K ON T T CN r-i 
cN CN m m m 
NO 
CNl 
o 
CN OO 
CN 
in 
1—1 
m (^  
o 
NO 
m 
CN 
m 
00 
(N 
t^  
m 
00 
b 
NO 
o C3N 
z z z z S 
in 
+-» 
O 
o 
o 
m 
r i NO m 
r^ (N m 
b o b 
CJv ' - CN 
r - (N ' ^ 
b b b 
,—. i n o 
r o m C~^  
b b b 
•-^ m t ^ 
CN CN ^ 
b b b 
o m NO 
m (^ NO 
b b b 
^ 
CN 
ON 
^ 
c D 
OD 
O 
•!-> 
z 
ON 
in 
CN 
m 
u 
c 
o 
O 
o 
P-, 
,_ 
'—' 
00 
in 
c 
o 
'.4—> 
o 
•*-» 
c l-H
a\ 
"—' 
NO 
m 
O 
ON 
C3N 
00 
in 
O 
c^  
NO 
in 
o 
in 
00 
m 
in 
r-- o t-~ o 
NO O c^ m 
m 
cjN m c>v m 
•<^ i n i n i n 
m CN m r ^ 
in NO • ^ r-~ 
o-i i n CN m 
in in - ^ m 
ND O — 
O r^ O O m 
m 00 m f-^  CN 
•—< ro ^^ 00 i n 
i n i n i n m i n 
o 
CN' m in 
CN 
in 
00 
z z z z 
- J 
'>^ 
;-^  OJ 
o 
c 
o 
o 
(U 
-C 
O 
c 
0) 
o 
o 
o 
a. 
-o 
"a. 
C 
KJ 
(U 
O 
T3 
on "li; 
2 2 
t j on 
^ > 
CO 
C 
W 
!=1 
Q 
o 
' • 4 - > 
a 
-a 
(U o 
bS 
r^ ro r^ 00 
•-^ l o ro ON 
b c\i c - l o 
ro m CO m 
m O r~ O ro 
ON r<^ ^ >/^ <S 
en IT) od r~- vo 
m m ro m m 
o t~- r - r -
o o o r^  
m m CO m 
O O i > 
m \r) t^ 
(N • * vo r^ 
m r n m en 
m t~~ ^ m 
00 I> ( S ON 
O i n 
% 
Q 
o 
ON 1^ 
^,5 
a z 
en 
O 
-a 
i> o - ^ m CO 
(N CNl r~- ON (N 
r n cso m >—I Os 
(N (N m m CN 
C-f ON 
(N CS 
ON ON 
o t^  
^ NO 
I-H , 1 
o m 
'^  r-
f — t 1 — 1 
NO m 
o o 
ir> iri 
^ O 
in -^ 
O ON 
00 t> 
in (N 
O m 
m NO 
NO ^ 
r- NO 
ON '00 
o 
o o cs 
O ^ ON ^ 
Z Z 2 Z 
ON 
(N 
NO 
in 
m (N 
CNl 
(N 
00 
(N 
o 
r^  
c 
(A 
m 
m 
O 
^ m • * <N 
rn oo NO i n 
IT) NO m 
O '— ' ^ 
in 
oo 
o 
o 
ON 
O 
OO 
o 
o 
in 
NO 
o 
NO 
•^  
o 
m 
o 
CNl 
NO 
00 
o 
CO 
1—( 
m 
O 
ON 
in 
ON 
O 
NO 
oo 
o 
o 
ON 
NO 
O 
NO 
in 
m 
I — 1 
TT 
(N 
O 
ON 
O 
t ^ NO m o t-^ 
q ' ^ ON CNl ^ 
o i b -St i n m 
o 
ON 
00 
in 
ON 
r-
o 
r^ 
• ^ 
NO 
o 
o 
o 
o 
ir\ '^ ^ a\ 
O t > O NO 
00 CN b C~-' 
i n NO r - NO 
r- - m NO TT in 
i n NO ^ m O 
m "sT i > ON NO 
NO NO NO NO \0 
O i n 
i n "—I 
00 r n 
m NO 
en t> 
NO i n 
r-' (N 
i n NO 
CN ON 
m 00 
r - NO 
en en 
'-* en 
00 t--' 
NO NO 
^ r^ o 
O CN NO 
CN 
ON 
O O en O NO 
NO en i n <N ^ 
r - -^< "vf K i n 
i n NO c~~ NO NO 
CN CN r ~ NTi ^ < 
\r\ \o •<} '<i NO 
c 
o c3 
o S § 2 U 
Q 
Q 
o 
i n 
m 
NO 
o o o 
•-^ ^ 00 
en en NO 
b b b 
en t ^ 
en en 
^ 
r -
o o o 
NO O N oo 
CN CN i n 
b b b 
NO ^ r-^ 
en ^ 00 
<6 <6 d> 
c (U 
CJJ 
o 
I-H 
(D 
c 
o 
a 
LH 
O 
o 
G 
n 
o 
C 
o r~- r t 
CN NO NO 
m i n CN 
O ^ r-( 
en 
C3N 
C3N 
en 
00 
o 
CO 
<N 
o 
00 
NO 
C3N 
O 
in 
00 
ON 
CN 
NO 
o 
o 
o 
in 
o 
en 
00 
00 
O 
O i n oo C--
>0 NO O N CN 
b ' ' • 
o NO O M-o - ^ .-^ 
>o 0\ —• 
en 
NO 
o 
o 
oo 
in 
00 
0\ 
o 
en 
in 
ON 
O 
00 
(N 
m 
in 
ON 
O 
o 
TT 
en 
1—1 
NO 
o 
(N 
NO 
CN 
in 
ON 
ON 
:z z z z S 
90 
As far as phytohormone effect was concerned, 10"^ M GA3 gave maximum 
valuefiat 90, 105, 120 and 150 DAP however its effect was at par with that of lO'^ M 
GA3 at 90 DAP, with that of all other hormone containing treatments at 105 DAP, 
with that of 10"^ M Kn at 120 DAP and with that of lO'^ M and 10"^ M Kn at 150 DAP. 
5 6 ^ 
At 135 DAP, 10" M Kn and 10 M Kn being at par in their effect gave maximum 
value. Minimum value was registered for the water-sprayed control (Wo) at all stages. 
Treatment 10"^ M GA3 increased oil cogi^ent^y 6.00, 7.41, 13.11, 21.30 and 23.16 per 
cent and lO'^ M Kn by 2.00, 7.41, 13.11, 24.07 and 23.16 ptr cent respectively over 
the water-sprayed control at 90, 105, 120, 135 and 150 DAPyespectively. 
Regarding interaction effect, NgoxlO'^ M GA3 gave%aximum value for oil 
coqfent at all samplings, however its effect was at par with that of Ngo l^O'^ 'M GA3, 
NiioxlO'^M GA3 and NeoxlO'^MGAs at 90 DAP, with that of NgoxlO'^ M Kn, 
NI2OX10"'M GA3 and NgoxlO'^ M Kn at 105 DAP, with that of N9oXlO"^ M Kn at 120 
DAP, with that of NnoXlQ-^ M Kn and NgoxlO'^ M Kn at 135 DAP, and with that of 
NgoXlO'^ M GA3 and Ni2oXlO"^ M Kn at 150 DAP. On the other hand, the control 
(NQXWO) gave minimum value at all stages of growth except at 90 DAP where the 
lowest value was recorded for NQXIO M Kn. The per cent increase in oil conjlentc 
resulted from the appUcation of NgoxlO'^ M GA3 over the control was 17.02, 23.53, 
32.14, 45.74 and 45.88 per cent at 90, 105, 120, 135 and 150 DAP respectively (Table 
84). 
4.5.3.7 Oil yield per plant 
Significant maximum value for oil yield was given by N90 and minimum by 
the control (No) at all stages of sampling. The per cent increase in oil yield resuhed 
from the apphcation of N90 was 23.06, 40.18, 32.05, 28.65 and 31.82 over the control 
at 90, 105, 120, 135 and 150 DAP^respectively. 
As far as phytohormone effect was concerned, lO'^ M GA3 gave maximum 
value at all stages. On the other hand, sigftiFiLailL 'lowest value was given by the 
water-sprayed control (Wo). Treatment 1 0 % GA3 gave 54.30, 21.65, 19.95, 33.34 
and 34.12 per cent 10"^ M Kn, 45.70, 20.04, 18.71, 29.49 and 30.52 per cent higher oil 
yield than the water-sprayed control at 90, 105, 120, 135 and 150 DAP respectively. 
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Pertaining to interaction effect, N9o>^ 10"^ M GA3 gave significant maximum 
valued at all stages except at 90 DAP at which its value was equalled by that for 
N9o>^  10 M GA3. The control (No>^ Wo) gave significantly ftiinimun»valueSat all stages. 
Treatment ofNgoXlO'^ M GA3 increased oil yield over control by 115.01, 95.39, 85.43, 
99.16 and 93.46 per cent at 90, 105, 120, 135 and 150 DAP^respactively (Table 85). ' 
4.6 Experiment 6 
This experiment was carried out to examine the effect of soil-applied 
phosphorus (0, 20, 30 and 40 kg/ha) and leaf-applied phytohormnes (Wo, lO'^ M GA3, 
IO'^'M GA3, lO'^ M Kn and lO'^ M Kn) alone and of their interaction on performance of 
Mentha arvensis L. The details of results are given below and summarized in tables 
(Tables 86-114). 
4.6.1. Growth characteristics 
Effect of soil-applied phosphorus and leaf-applied phytohormones alone as 
well as in combination (interaction) on growth characteristics at all stages studied was 
significant, except effect of phosphorus alone at 135 and 150 DAP on specific leaf 
weight and individual effect of both phosphorus and phytohormones at 150 DAP on 
leaf area ratio and their interaction effect at all stages on leaf area ratio, specific leaf 
area and specific leaf weight (Tables 86-96). 
4.6.1.1 Plant height 
Increasing doses of phosphorus uptake P30 enhanced plant height linearly at all 
stages. The control (Po) gave -CHgnificant lowest value at all samplings. The per cent 
increase in plant height due to P30 over the control was 12.30, 16.27, 13.14, 12.30 and 
12.85 at 90, 105, 120, 135 and 150 DAP^^espectively. 
Among phytohormones, 10"' 'MGA3 gavejTsignificant maximum value at all 
samplings. The increase in plant height due to IC'^ M GA3 in comparison with the 
water-sprayed control (Wo), giving minimum value was 22.03, 27.54, 31.87,48.98 and 
49.22 per cent at 90, 105, 120, 135 and 150 DAJ'respectively. Moreover, 10"'M GA3 
enhanced the plant height by 15.39, 22.19, 22.74, 31.01 and 31.09 and lO'^ M Kn by 
15.33, 16.38, 21,97, 26.62 and 26,68 per cent over the control at 90, 105, 120, 135 
and 150 DARrespectively. 
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CK 
Regarding interaction effect, P4o>^ 10''*M GA-? gave significant maximum value 
at all stages, except at 90 DAP at whicli its value was equalled>^ that f^  Pso^ ^ 10" M 
Kn. The water-sprayed control (PQXWO) gave significant minimum value at all stages. 
The increase in plant height due to P40X 10''*M GA3 over the control was 45.31, 49.20, 
70.30, 77.29 and 79.59 per cent at 90, 105, 120, 135 and 150 DAPvrespectively (Table 
86). 
4.6.1.2 Root length 
Of phosphorus treatments, maximum value was recorded for P30 and^ninimum 
for Po at all stages. Treatment P30 gave 23.29, 31.12, 13.96, 16.25 and 17.39 per cent 
higher value for root length in comparison with the control at 90, 105, 120, 135 and 
150 DAP.respectively. 
Regarding phytohormones, lO'^ M Kn at all stages gave maximum value>for 
root length, however its effect was equal to that of 10"^ M GA3 at 90 DAP. Significant 
minimum value5^i«^ given by the water-sprayed control (Wo). The increase in root 
length due to 10"^ M Kn over the water-sprayed control was 23.79, 23.94, 24.56, 29.90 
and 27.73 per cent at 90, 105, 120, 135 and 150 DAP;,respectively. 
Among interactions, P3o><10"^ M Kn gave ^ ^maximum value at all stages, 
however its effect was at par with that of P3o><10"^ M GA3 and P4oxlO"^ M GA3 at 90 
DAP and with that of PSQXIO'^M Kn at 105, 120 and 135 DAP. The value given by the 
r 
control (Po><Wo) was significantly lowejgt at all samplings. The per cent increase in 
root length due to Pso^lO'^ M Kn over the control was 63.74, 59.79, 49.29, 47.32 and 
25.72 at 90, 105, 120, 135 and 150 DAP^respectively (Table 87). 
4.6.1.3 Leaf area per plant 
Application of P30 proved best for leaf area per plant at all stages. Treatment 
P30 increased leaf area by 23.41, 27.86, 15.97, 7.91 and 18.56 per cent in comparison 
with the respective control (Po) at 90, 105, 120, 135 and 150 DAP,respectively 
With regard to phytohormones, significant maximum valuSjWS" registered for 
10"^ M Kn at 105 and 120 DAP and for lO'^ M GA3 at 135 and 150 DAP. However at 
90 DAP, the maximum value noted for 10"^ M Kn was equalled by that for 10"^ M GA3. 
The water-sprayed control (Wo) gave significantly minimum value^at all stages. The 
per cent increase in leaf area due to lO'^ M Kn was 51.96, 71.11, 36.87, 28.84 and 
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31.65 per cent and due to lO'^ M GA3, 51.07, 64.19, 35.59, 29.90 and 33.01 per cent 
compared with the water-sprayed control at 90, 105, 120, 135 and 150 DAR 
respectively. 
Among interactions, P4o><10"^ M GA3 gave maximum valu^t all stages, except"* 
90 DAP, at which PSQXIO" M Kn gave significant maximum value, the value for 
¥> W 
P4oxlO"^MGA3 was equalled >f that pfv P4OX10"'M Kn at 120 DAP. Significant 
minimum value was given by the control (Po^Wo) at all stages in comparison with the 
control. The increase in leaf area due to P4oxlO"^ M GA3 was 117.26, 184.97, 66.65, 
46.01 and 46.35 per cent at 90, 105, 120, 135 and 150 DAP respectively (Table 88). > 
4.6.1.4 Leaf area ratio 
Application of P30 proved best at all stages except 150 DAP at which a 
non-significant effect of phosphorus was observed. The increase in leaf area ratio 
resulted from the application of P30 was 7.84, 12.20, 5.37 and 7.03 per cent over the 
control at 90, 105, 120, 135 and 150 DAP respectively. ^ 
As far as effect of phytohormone was concerned, all sprayed concentrations of 
phytohormone were equally effective at 90, 135 and 150 DAP. However lO'^ M Kn 
and lO'^M GA3 at 105 DAP, and also with lO'^ M GA3 at 120 DAP being at par gave 
maximum values. Significant minimum value was recorded for the water-sprayed 
control (Wo) at all stages except 105 DAP, at which the minimum value for the 
control was at par with that for 10"^ M GA3 and lO'^ M Kn. The increase in leaf area 
ratio due to 10"^ M Kn was 14.59, 4.25, 15.85, 11.21 and 13.71 per cent and due to 
lO'^ M GA3, 17.08, 0.98, 18.44, 11.76 and 12.46 over the water-sprayed control at 90, 
105, 120, 135 and 150 DAP^respectively. 
Interaction effect was found non-significant at all stages (Table 89). 
4.6.1.5 Specific leaf area 
Of phosphorus treatments, P30 proved best at all samplings. The control (Po) 
and P20 being at par gave minimum value at all stages, except 120 DAP, at which they 
differ significantly. The per cent increase in specific leaf area due to P30 over the 
control was 5.45, 9.52, 7.04, 3.81 and 5.07 at 90, 105, 120, 135 and 150 DAP 
respectively. 
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With regard to phytohormones, lO'^ M GA3 and lO'^ M Kn being at parkin 
effect gave maximum value at all stages of sampling, however their value was at par 
with that for 10"^ M Kn at 135 DAP and with that for 10'% GA3 at 150 DAP. The 
effect of water-sprayed control (Wo) was significantly lowest at all stages. Increase m 
specific leaf area due to lO'^ M GA3 was 29.53, 38.83, 26.13, 20.22 and 23.62 per cent • 
and due to lO'^ M Kn, 24.83, 44.08, 26.46, 21.37 and 23.04 per cent over the 
water-sprayed control at 90, 105, 120, 135 and 150 DAP respectively. 
The interaction effect of phosphorus and leaf-applied phytohormones was 
non-significant (Table 90). 
4.6.1.6 Leaf dry weight 
The increasing doses of phosphorus upto P30 increased leaf dry weight 
linearly, thereafter a decrease in the weight was noted at all stages studied.Significant 
minimum value was recorded for the control (Po). The per cent increase in leaf dry 
weight due to P30 over the control was 15.79, 16.48, 8.58, 3.34 and 2.13 at 90, 105, 
120, 135 and 150 DAP. respectively. 
Among phytohormones, lO'^ M Kn at 90, 105 and 120 DAP and lO'^ M GA3 at 
135 and 150 DAP gave maximum values. However, the value for lO'^ M Kn was 
equalled by that for lO'V Kn at 90 DAP, by those for lO'^ M Kn and lO'^ M GA3 at 
105 DAP and by that for lO'^ M GA3 at 120 DAP. The water-sprayed control (Wo) 
gave significant minimum value at each sampling stage. Treatment lO'^ M Kn gave 
23.08, 20.11, 5.35, 7.68 and 6.56 and 10"'M GA3, 17.52, 20.11, 4.77, 8.90 and 7.79 
per cent higher value for leaf dry weight than the water-sprayed control at 90, 105, 
120, 13 5 and 150 DAP^respectively, 
Regarding interaction effect, P4oXlO'^ M GA3 gave maximum value^at all 
stages, however its effect was at par with that of P4oXlO"^ M Kn and P3o>^ 10'^ M Kn at 
90 DAP, with that of PaoxlO'^ ^M Kn and PjoxlO'^ M Kn at 105 DAP and with that of 
P3oxlO''^ M Kn at 120 DAP. The control (PQXWO) gave significant^ minimum valuejat 
all stages. Treatment P4oxlO"^ M GA3 increased leaf dry weight by 44.44, 49.02, 
24.05, 23.42 and 20.70 
respectively (Table 91). 
per cent over the control at 90, 105, 120, 135 and 150 DAP. 
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4.6.1.7 Specific leaf weight 
The control (Po) gave, maximum value for this parameter at all stages. The 
decrease in specific leaf weight due to P30 in comparison to the control was 10.71, 
12.83 and 6.51 at 90, 105 and 120 DAP^respectively. 
Pertaining to effect of phytohormones, the water-sprayed control (Wo) gave 
significant maximum value^ a^t all stages. All spray concentrations of ph5^ohormones, 
excluding the control (Wo), were equally effective at all stages, except 150 DAP, at 
which all spayed treatments were non-significant in effect. 
The combined effect of soil-applied phosphorus and leaf-applied 
phytohormones was found non-significant at all stages (Table 92). 
4.6.1.8 Stem dry weight . 
•\o b y 
For phosphorus treatments, the value recorded for P30 equalled of that ^ P40 
A'as maximum at all stages. On the other hand, the control (PQ) gave minimum value 
at all stages. The per cent increase in stem dry weight due to P30 over the control was 
16.82, 16.09, 9,59, 3.73 and 3.31 per cent at 90, 105, 120, 135 and 150 DAP 
respectively. 
Regarding phytohormones, 10' M Kn gave significant isa^ ftfmtffl valueSat 90, 
105 and 120 DAP while at 135 and 150 DAP 10"^ M GA3 gave i W r n f t valuejwhich 
was equalled by that for lO'^ M Kn. The water-sprayed control (Wo) gave significant 
minimum value5at all stages. The increase in stem dry weight due to 10"^ M Kn was 
33.33, 65,53, 19,69, 16,32 and 13.74 per cent and due to 10"^ M GA3 was 25.76, 62.55,' 
15.03, 16.91 and 14.74 per cent over the water-sprayed control at 90, 105, 120, 135 
and 150 DAR respectively. 
Pertaining to interactions, P4o><10'^ M GA3 gave maximum valu^at all stages 
but the value was equalled by those for P4oxlO"^ M Kn and P3oxlO"'^ M Kn at 90 DAP, 
and that for P40X10"^ M Kn at 105 DAP. 
Significant minimum value was registered for the control (Po^Wo) at all 
stages. The increase in stem dry weight due to P40X lO'^ M GA3 compared with control 
was 81.65, 103.24, 35.91, 31.64 and 31.69 per cent at 90, 105, 120, 135 and 150 DAP 
respectively (Table 93). 
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4.6.1.9 Aboveground plant diy weight 
Application of P30 proved best at all stages for this parameter. Treatment P30 
gave 21.24, 33.58, 20.54, 18.96 and 18.97 per cent higher value for aboveground 
plant dry weight than the control at 90, 105, 120, 135 and 150 DAByespectively. 
With regard to phytohormone treatments, 10"^ M Kn at 90, 105, 120 and 135 
DAP and 10"^ M GA3 at 150 DAP gave significant maximum value, however at 135 
DAP, the value for 10"^ M GA3 was equal to that for lO'^ M Kn. Significant minimum 
value was registered for the water-sprayed control (WQ) at all stages. The increase in 
aboveground plant dry weight due to lO'^ M Kn was, 33.89, 34.75, 13.54, 11.58 and 
11.03 and due to 10''M GA3 was 28.44, 32.08, 10.50, 11.67 and 11.52 per cent over 
the water-sprayed control at 90, 105, 120,135 and 150 DAP>^respectively. 
Regarding interactions, P4o>^ 10"^ M GA3 gave significant maximum valueSat all 
stages, however its value was at par with that for P4oxlO'^ M Kn at 90 DAP. 
Significant minimum value was recorded for the control (PO^WQ). Increase in 
aboveground plant dry weight due to P4o>^ 10'^ M GA3 over the control was 92.63, 
107.72, 50.94, 44.78 and 45.35 per cent at 90, 105, 120, 135 and 150 DAP, 
respectively (Table 94). 
4.6.1.10 Underground plant fresh weight 
Among treatments of phosphorus, P30 proved best at all stages. The significant 
minimum value was registered for the control (PQ) at all samplings. In comparison 
with the control the per cent increase in underground plant fresh weight resulted from 
the application of P30 was 28.21, 27.08, 18.14, 36.13 and 36.84 per cent at 90, 105, 
120, 135 and 150 DAP^respectively. 
With respect to phytohormone, lO'^ M Kn gave significant maximum value at 
all stages except 90 DAP, at which it was equal to 10" M Kn in effect. The 
water-sprayed control (Wo) gave significant minimum value5 at all samplings. 
Treatment lO'^ M Kn gave 45.42, 74.17, 42.92, 40.13 and 44.34 per cent more 
underground plant fresh weight than the water-sprayed control at 90, 105, 120, 135 
and 150 DAP respectively. 
Regarding interaction effect, Pso^lO'^ M Kn gave maximum valued at all 
samplings, however its effect was at par with that of P4oxlO'^ M Kn and P3oxlO"^ M Kn 
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at 90 DAP, with that of P4oXlO'^ M GA3 and P4o>=10"^ M Kn at 105 DAP, with that of 
P4oXlO"^ M GA3, Pao l^O'^ M Kn and P4oxlO'^ M Kn at 120 DAP, with that of 
P4oxlO"^ M GA3 at 135 DAP. The value given by the control (PQXWO) was 
significantly lowe^at all samplings. The increase in underground plant fresh weight 
due to P3oxlO'*^ M Kn over the control was 116.64, 115.57, 67.67, 108.05 and 113,84 
per cent at 90, 105, 120, 135 and 150 DAPyespectively (Table 95). 
4.6.1.11 Underground plant dry weight 
Treatment P30 gave maximum value at all stages, however its effect was at par 
with that of P40 at 90, 135 and 150 DAP. Minimum value was recorded for control 
(Po). Treatment P30 gave 29.01, 27.18, 18.26, 36.12 and 36.83 per cent higher value as 
compared with the control at 90, 105, 120, 135 and 150 DAP respectively. 
Regarding phytohormones, 10"^ M Kn gave maximum value at all stages, 
however its effect was at par with that of 10"V Kn at 90, 120 and 135 DAP, 
Minimum value was recorded for the water-sprayed control (Wo) at all sampling 
stages. The per cent increase in underground plant dry weight due to lO'^ M Kn was 
45.70, 73.80, 42.95, 40.13 and 44,24 in comparison with the water-sprayed control at 
90, 105, 120, 135 and 150 DAP respectively. 
Among interactions, P3oXlO"M Kn gave maximum value at all stages, 
however its value was equalled by that for P4oxlO"^MKn and P3oxlO"^ M Kn at 90 
DAP, by that for P4oxlO"^ M GA3 at 105 and 135 DAP and by that for P4oxlO"^ M GA3, 
P3oxlO"^ M Kn, P4oxlO"^ M Kn, PioxlQ-^M Kn and P4oxlO-^ M GA3 at 120 DAP, 
Minimum value was recorded for the control (PQXWO) at all stages. The increase in 
underground plant dry weight due to P3oxlO'^ M Kn over the control was 116,30, 
146.82, 67,83, 108,23 and 113,92 per cent at 90, 105, 120, 135 and 150 DAP 
respectively (Table 96), 
4.6.2 Physiological characteristics 
4.6.2.1 Photosynthetic characteristics 
The effect of phosphorus and phytohormones, alone as well as in combination, 
on various photosynthetic characteristics was significant at all stages studied except 
150 DAP, at which chlorophyll harvest was found non-significant (Table 97-101). 
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4.6.2.1.1 Chlorophyll cont^ ntvC'-'^ '^O^ ^ 
Of phosphoms treatments, maximum and minimum values were recorded for 
P30 and the control (Po) respectively at all stages. The chlorophyll cor^ jfent increased 
due to P30 in comparison with the control was 15.87, 24.82, 20.45, 14.29 and 14.22 
per cent at 90, 105, 120, 135 and 150 DA^respectively. 
Regarding phjlohormones, 10"^ M Kn at 90, 105 and 120 DAP and 10"^ M GA3 
at 150 DAP were found with significant maximum value. However, maximum value 
given by lO'^ M GA3 at 135 DAP was equalled by that for 10"^ M Kn. The effect of 
water-sprayed control (Wo) was significantly l o w ^ at all samplings. The increase in 
chlorophyll content due to lO'^ M Kn was 20.83, 14.79, 10.32, 5.44 and 6.61 per cent 
and due to lO'^MGAs 14.17, 12.68, 8.15, 6.28 and 7.49 per cent than the 
water-sprayed control at 90, 105, 120, 135 and 150 DAJR respectively. 
Pertaining to interaction effect, P4oxlO"^ M GA3 gave maximum value at all 
stages, however its effect was at par with that of P3o l^O"^ M Kn at all stages, however 
its effect was at par with that of Pso^ l^O'^ M Kn at all stages and also with that of 
P3oxlO"'*M GA3 at 135 DAP. Moreover, significant minimum valu^^«t^ given by the 
control (PQXWO) at all stages. Interaction of P4oxlO"^ M GA3 gave.41.82, 60.00, 41.98, 
21.96 and 34.52 per cent higher value for chlorophyll con^nt than the control at 90, 
105, 120, 135 and 150 DAP respectively (Table 97). 
4.6.2.1.2 Chlorophyll harvest per plant 
Maximum and minimum value was recorded for P30 and control (Po) 
respectively at all stages except 150 DAP, at which the data recorded was found 
non-significant. Treatment P30 gave 41.71, 58.52, 40.28 and 22.26 per cent higher 
value than the control for chlorophyll harvest at 90, 105, 120 and 135 DAP 
respectively. 
Among phytohormones, maximum significant values were recorded for lO'^ M 
Kn at 90, 105 and 120 DAP and for lO'^ M GA3 at 135 DAP. Minimum significant 
value was registered for the water-sprayed control (Wo). The increase in chlorophyll 
harvest due to 10"^ M Kn was 77.99, 93.68, 50.73 and 37.48 per cent and due to lO'^ M ' 
GA3 at 111.66, 83.99, 46.73 and 38.24 per cent over the water-sprayed control at 90, ^ 
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105, 120 and 135 DAP^ respectively. The effect at 150 DAP was found 
non-sienificant. 
Pertaining to interactions, significant maximum value^^istS' registered for 
P4oxlO"^ M GA3 at 105, 120 and 135 DAP, however at 90 DAP, P4oxlO"^ M GA3 was 
at par with that of P3oXlO'^ M Kn. ^Significant minimum value was recorded for 
water-sprayed control (PoxWo). Interaction P4oXlO"^ M GA3 gave 208.39, 355.77, 
136.61 and 86.83 per cent higher value in comparison with control at 90, 105, 120 and 
135 DAP respectively. All interactions showed non-significant effect at 150 DAP 
(Table 98). 
4.6.2.1.3 Photosynthetic rate 
Increasing rates of phosphorus upto P30 enhanced the rate of photosynthesis, 
and the highest level i.e. P40 gave lower value than P30. The treatment P30 increased 
rate of photosynthesis by 23.84, 20.31, 17.02, 15.25 and 13.72 per cent over the 
control at 90, 105, 120, 135 and 150 DAR respectively. 
Among phytohormone treatments, 10"^ M Kn gave maximum valueSat 90, 105 
and 120 DAP and 10"^ M GA3, at 135 and 150 DAP. However, the maximum value for 
lO'^ M Kn at 90 DAP was equalled by those for lO'^ ^M Kn, and at 150 DAP, by that for 
lO'^ M GA3. Significant minimum value^was given by the water-sprayed control (Wo) 
at all stages. Treatment lO'^ M Kn gave 33.07, 25.16, 9.98, 7.43 and 8.06 per cent and 
10"^ M GA3, 24.73, 22.30, 6.07, 7.85 and 9.36 per cent higher value for photosynthetic 
rate than the water-sprayed control at 90, 105, 120, 135 and 150 DAP^respectively. ^ 
Regarding interaction effect, P4oXlO'^ M GA3 gave significant maximum value 
at all stages except 90 DAP, at which its maximum value was equalled j>5^that ^ 
P40X lO'^ M Kn. On the other hand, control (PO^WQ) gave significant minimum value at 
all samplings. The increase in rate of photosynthesis due to P4oX]0'^ M GA3 in 
comparison with the control at 90, 105, 120, 135 and 150 DAP was 74.45, 86.86, 
31.73, 26.66 and 28.92 per centrespectively (Table 99). V 
4.6.2.1.4 Stomatal conductance 
Maximum value^^^a^ recorded for P30 at all sampling stages, and the value was 
equalled by those for P40 at 120, 135 and 150 DAP. The control (Po) gave significant 
minimum valu^at all stages. The stomatal conductance increased due to P30 compared 
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with the control was 11.33, 8.52, 4.20, 4.47 and 5.56 per cent at 90, 105, 120, 135 and 
] 50 DAR respectively. 
Regarding phytohormones, lO'^ M Kn at 90, 105 and 120 DAP, and lO'^ M 
GA3 at 135 and 150 DAP gave,maximum value. However at 135 and 150 DAP, all 
phytohormone spray treatments were equal in effect. Significant minimum valuedwa^ 
registered for the water-sprayed control (Wo) at all stages. The increase in stomatal 
conductance due to lO'^ M Kn at 90, 105 and 120 DAP was 15.45, 7.94, 2.34, 1.97 and 
2.50 per cent, and due to lO'^M GA3, 10.57, 6.67, 1.30, 2.2] and 3.25 per cent over 
water-sprayed control at 90, 105, 120, 135 and 150 DAP^respectively. ' 
With regard to interaction effect, P4oXlO"^ M GA3 at 90, 105, 120, 135 and 150 
DAP was found with maximum value. However at 90, 135 and 150 DAP, its value 
was equal to that for P3oxlO"'^ M Kn and P4o><10"^ M Kn and also for PaoxlO'^ M Kn at 
120 DAP. On the other hand, the control (Po^Wo) showed significant lowe^effec5at 
all stages except 135 DAP, at which its value was equalled by that for Pao^Wo. The 
per cent increase in stomatal conductance due to P4oxlO'^ M GA3 over the control was 
32.74, 22.45, 9.04, 8.61 and 11.20 per cent at 90, 105, 120, 135 and 150 DAP. 
respectively (Table 100). 
4.6.2.1.5 Photosynthetic water use efficiency 
Among nitrogen treatments, maximum and minimum value was registered for 
P30 and the control (Po) respectively at all stages. Treatment P30 gave 11.78, 13.7], 
12.33, 9.97 and 7.86 per cent increase in photosynthetic water use efficiency in 
comparison with the control at 90, 105, 120, 135 and 150 DAP respectively. 
With regard to phytohormones, lO'^ M Kn at 90, 105 and 120 DAP, and lO'^ M 
GA3 at 135 and 150 DAP gave significant maximum values. On the other hand, the 
effect of water-sprayed control (Wo) was significantly A lowest. The increase in 
photosynthetic water use efficiency due to 10"^ M Kn was 15.39, 14.67, 7.54, 8.83 and 
12.04 per cent and due to lO'^ M GA3, 27.11, 34,54, 11.45, 5.45 and 5.79 per cent over 
the water-sprayed control at 90, 105, 120, 135 and 150 DAP^respectively. 
Regarding interaction effect, P40XIO" M GA3 gave significant maximum value 
at all stages except 135 DAI^  at which its value was equalled by those for PaoXlO'^ 'M 
Kn and P3oxlO"^ M Kn. Significant minimum value was registered for the control 
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(Po><Wo) at all samplings. The increase in photosynthetic water use efficiency due to 
P4oxlO'^ M GA3 was 31.43, 52.61, 23.52, 16.63 and 15.94 per cent compared with the 
control at 90, 105, 120, 135 and 150 DAP respectively (Table 101). 
4.6.2.2 Nutrient contents in plant 
The effect of phosphorus and phytohormones alone or in combination prf 
nutrient cortrent^was not significant at all stages, except individual effect of 
phosphorus on phosphorus cor^nt^(Tables 102-104). 
4.6.2.2.1 Nitrogen content 
was found to be non-significant on nitrogen conrent (Table 102). 
The effect of phosphorus and phjtohormone^ as well as of their interaction 
m  
4.6.2.2.2 Phosphorus content 
Application of phosphorus gave significant effect on phosphorus con/ent.''^  
Significant maximum and minimum values were recorded for P30 and the control (Po) 
respectively at all samplings. In comparison with the control, the increase in 
phosphorus coi/ent^ue to P30 was 39.04, 35.29, 43.22, 37.32 and 45.29 at 90, 105, 
120, 135 and 150 DAP.respectively. 
Regarding phytohormones, it was noted that their effect was non-significant 
on phosphorus content at all stages. 
With regard to interaction effect, phosphorus content was not affected by the 
interaction of phosphorus and phytohormones (Table 103). 
4.6.2.2.3 Potassium content. 
Potassium coqrent^as not affected significantly by the phosphorus and 
phytohormones alone as well as in combination (Table 104). 
4.6.2.3 Nutrient uptake 
The effect of phosphorus and phytohormones alone and of their interaction on 
nutrient uptake was significant at all stages (Tables 105-107). 
4.6.2.3.1 Nitrogen uptake ~ 
For phosphorus treatments, maximum valu6>wa^ recorded for P30 at all stages 
and its value was equalled jjy t h a t ^ P40 at 90, 105, 120 and 135 DAP. Significant 
minimum valu6^«f^ given by the control (Po) at all stages, except 90 DAP, at which 
its value was equalled by that for P20. The per cent increase in nitrogen uptake by P30 
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was 21.53, 36.16, 25.50, 21.51 and 28.76 in comparison with the control at 90, 105, 
120, 135 and 150 DAPyespectively. 
Pertaining to phytohormones, lO'^ M Kn and 10"^ M GA3 being at par in effect, 
gave maximum values at all stages, however their effect was also at par with that of 
lO'^ M Kn at 90, 105, 120 and 150 DAP. On the other hand, significant minimum 
value>>^ given by the water-sprayed control (Wo). The increase m nitrogen uptake 
due to IG'^ M Kn at was 33,33, 34.64, 17.92, 13.65 and 11.72 per cent and due to 
10"^ M GA3, 28.03, 30.72, 13.68, 14.32 and 12.97 per cent over the water-sprayed 
control at 90, 105, 120, 135 and 150 DAP^respectively. 
Regarding interaction effect, P4oXlO"^ M GA3 gave maximum valuebat all 
stages, however its value was equalled j ; / t h o s e ^ ^ P4o^  lO'^MKnandPaoxlO'^MKn 
at 90 DAP by that for P4oxlO"^ M Kn at 105 DAP and by that for Pso^lO'^ M Kn, 
PsoxlO'^M Kn and P4oxlO"'^ M Kn at 120 DAP. On the other hand, significant 
minimum valu^^^Ss registered for the control (PoxWo) at all stages except 150 DAP 
at which W'^M GA3 gave significantly minimum value. The per cent increase resulted 
from the application of P4oxlO"^ M GA3 was 86.67, 100.66, 50.00, 52.17 and 45.33 
over the control at 90, 105, 120, 135 and 150 DAP respectively (Table 105). 
4.6.2.3.2 Phosphorus uptake 
Of phosphorus treatments, maximum and minimum value was given by P30 
and the control (Po),,respectively. Treatment P30 gave 66.30, 78.51, 70.77, 51.44 and 
62.67 per cent increase in phosphorus uptake over the control at 90, 105, 120, 135 and 
150 DAP. respectively. 
With regard to phytohormones, maximum value was registered for 10"^ M Kn 
at 90, 105 and 120 DAP and for 10"^ M GA3 at 135 and 150 DAP. However, the value 
for lO'^ M GA3 was equalled by that for 10"^ M Kn at 150 DAP, and also by that for 
lO'^ M Kn at 135 DAP. The value registered for the water-sprayed control (Wo) was 
significantly minmum- at all samplings. Treatment lO'^ M Kn gave 31.05, 35.67, 
14.45, 8.83 and 12.04 per cent and lO'^ M GA3, 27.11, 34.54, 11.45, 11.40 and 12.04 
per cent higher value than the water-sprayed control at 90, i05, 120, 135 and 150 
DAP. respectively. 
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Regarding interaction effect, significant maximum valued, •^ J«(i recorded for 
P4o>^ 10"^ M GA3 at all stages. Moreover, the control (Po=<Wo) gave significant 
minimum value^at all stages. The increase in phosphorus uptake due to P4o l^O" M 
GA3 over the control was 156.73, 189.34, 112.63, 84.33 and 126.59 per cent at 90, 
105, 120, 135 and 150 DAP respectively (Table 106). 
4.6.2.3.3 Potassium uptake 
The maximum value was recorded for P30 and the value was equalled by that 
for P40 at all samplings. On the other hand, significant minimum value^^,*^ given by 
the control (Po) at all stages except 105 DAP, at which its minimum value was 
equalled by that for P20. Treatment P30 gave 22.90, 34.52, 27.02, 23.75 and 19.37 per 
cent increase in potassium uptake over the control at 90, 105, 120, 135 and 150 DAP^  
respectively. 
The values recorded for all phytohormone treatments were statistically equal 
at all stages except 120 DAP, at which 10"*M GA3 gave lower value5than the other 
phytohormone containing treatments. The effect of the water-sprayed control (Wo) 
was significantly lowe^at all stages, except 120 DAP, at which it was equalled by 
that for IO'^'M GA3. The increase in potassium uptake due to 10"^ M Kn was 34.17, 
34.16, 19.86, 12.68 and 15.76 per cent, and due to lO'^ M GA3 was 25.83, 32.92, ^ 
15.49, 12.44 and 18.34 per cent over the water-sprayed control at 90, 105, 120, 135 
and 150 DAP^respectively. ^ 
Regarding interaction effect, P4oXlO'^ M GA3 gave maximum valuei at all 
stages, however its effect was at par with that of P4oxlO'^ M Kn, Pso^lO'^ M Kn and 
P4oxlO"^ M GA3 at 90 DAP, with that of P3oxlO"^ M Kn at 105 and 135 DAP and also 
5 V A ^ ^ 
with that of P40XIO M Kn at 120 DAP. Minimum value^ i^et^  given by the control 
(PQXWO) at all stages. In comparison with the control, increase in potassium uptake 
due to P4oXlO"^ M GA3 was 89.58, 120.00, 52.92, 61.65 and 65.00 per cent at 90, 105, 
120, 135 and 150 DAP (Table 107). 
4.6.3 Yield characteristics 
Effect of phosphorus and phytohormone alone as well as in combination on 
various yield characteristics was significant at all stages (Tables 108-114). 
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4.6.3.1 Leaf number per plant P 
Of phosphonis treatments, maximum and minimum value«^^^ recorded for P30 
and the control (Po) respectively. Treatment P30 increased leaf number by 19.24, 
23.53, 15.44, 11.03 and 12.03 per cent in comparison with the control at 90, 105, 120, 
135 and 150 DAE respectively. 
Regarding phytohormones effect, significant maximum and minimum value' 
y>i«^  given by 10" M GA3 and the water-sprayed control (Wo) respectively at all stages. 
The increase in leaf number due to 10" M GA3 over the water-sprayed control was 
47.53, 54.17, 31.82, 28.57 and 31.00 per cent at 90, 105, 120, 135 and 150 DA^ 
respectively. 
Among interactions, P4oXlO"^ M GA3 and the control (Po^Wo) gave significant 
maximum and minimum value^respectively at all samplings. The increase in leaf 
number due to P4oxlO"^ M GA3 over the control was 104.18, 135.90, 58.54, 49.50 and 
53.80 percent at 90, 105, 120, 135 and 150 DAP (Table 108). 
4.6.3.2 Branch number per plant 
Treatment P30 at 90 and 105 DAP and P40 at 135 and 150 DAP gave 
significant maximum values. However at 120 DAP, the maximum value for P30 was 
equalled by that for P40. On the other hand, the lowest significant effect was found 
with the control (Po) at all stages. Treatment P30 gave 19.24, 35.42, 17.01, 19.77 and 
20.14 per cent higher value for branch number than the control (PQ) at 90, 105, 120,' 
135 and 150DARrespectively. 
Regarding phytohormones, the maximum value for branch number per plant 
was recorded for 10" M GA3, and the value differed significantly from those for other 
treatments at all stages, except 90 DAP, at which it was equalled by that for 10"^ M 
GA3. Moreover, the value recorded for the water-sprayed control (Wo) was 
significantly lowe^ at all samplings. The increase in branch number due to 10"''M 
GA3 was 52.18, 41.84, 53.03, 32.29 and 33.74 per cent, and due to lO'^ M GA3 was 
47.55, 38.19, 45.72, 24.48 and 25.58 per cent in comparison with water-sprayed 
control at 90, 105, 120, 135 and 150 DAJ^respectively. 
With regard to interaction effect, P3oxlO"V GA3 at 90 and P4o><10"V GA3 at 
105, 120 and 135 DAP gave significant maximum value. However, the maximum 
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value for P4O><10"VGA3 at 120 DAP was equalled by that for P40XIO MGA-s. 
Significant minimum valu^w^ recorded for the control (PoxWo) at all stages, except 
t 90 DAP, at which its value was equalled by that for Pao^Wo. The per cent increase in 
branch number due to P4oxlO"^ M GA3 over the control was 94.79, 70.20, 77.47, 80.76 
and 84.91 at 90, 105, 120, 135 and 150 DAP respectively (Table 109). 
4.6.3.3 Leaf yield per plant 
The values given by all soil-applied phosphorus treatments showed significant 
difference with each other at all stages. Maximum and minimum valudbwffs recorded 
for P30 and the control (Po)^respectively. The increase in leaf yield resulted from the 
application of P30 was 17.24, 31.75, 22.95, 20.77 and 18.72 per cent compared withi 
the control at 90, 105, 120, 135 and 150 DAP^respectively. v 
Among phytohormones, significant maximum value was given by lO'^ M Kn at 
90, 105 and 120 DAP and by 10"^ M GA3 at 135 and 150 DAP. However at 105 DAP, 
the maximum value given by 10"^ M Kn was equal to that for 10"^ M GA3. On the other 
r. 
hand, the value given by the water-sprayed control (Wo) was significantly lowesr at all 
stages. The increase in leaf yield due to 10"^ M Kn was 25.51, 16.90, 10.71, 7.34 and 
6.80 per cent and due to 10"^ M GA3 was 21.53, 16.37, 8.38 and 7.96 per cent over the 
water-sprayed control at 90, 105, 120, 135 and ISODARrespectively. 
Regarding interaction effect, P4o l^O'^ M GA3 gave maximum value at all 
stages, however, its value was equalled by that for P3oxlO'^ M Kn at 105, 120 and 135 
DAP. The control (Po><Wo) gave significant minimum value at all samplings. 
Interaction P4o>^ 10"^ M GA3 increased leaf yield at 90, 105, 120, 135 and 150 DAP by 
100.92, 82.28, 51.85, 39.50 and 39.38 per cent respectively in comparison with the 
control (Table 110). 
4.6,3.4 Stem yield per plant 
Treatment P30 gave maximum value at all stages, however its effect was at par 
with that of P40 at 90, 120 and 150 DAP. The effect of the control (Po) was 
r 
significantly lowe^ at all samplings. Treatment P30 gave 23.10, 34.32, 22.57, 19.79 
and 19.58 per cent higher value than the control at 90, 105, 120, 135 and 150 DAP 
respectively. 
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With regard to ph^tohormones, 10"^ M Kn at 90, 105 and 120 DAP and lO'^ M 
GA3 at 135 and 150 DAP gave maximum value. Moreover, the value for 10 M Kn 
was equalled by that for lO'^ ^M Kn at 105 DAP and by that for 10"^ M GA3 at 135 and 
150 DAP. On the other hand, the value given by the water-sprayed control (Wo) was 
significantly mmHmtm at all samplings. The per cent increase in stem yield due to 
lO'^ M Kn was 32.85, 60.07, 16.82, 14.87 and 14.99 per cent and due to lO'^ M GA3 
was 26.46, 55.75, 12.53, 15.09 and 15.28 per cent over the water-sprayed control at 
90, 105, 120, 135 and 150 DAP.respectively. 
Pertaining to interaction effect, P40XIO" M GA3 gave maximum value at all 
samplings, however the value was equalled by that for P4oXlO"^ M Kn and P3oxlO'^ M 
Kn at 90 DAP, and by that for P4o>=10"^ M Kn at 105 DAP. Significant minimum value 
was registered for the control (Po><Wo) at all stages. The increase in stem yield due to 
P4oxlO"^ M GA3 in comparison with the control was 84.15, 128.98, 49.88, 50.48 and 
51.91 per cent at 90, 105, 120, 135 and 150 DAP^espectively (Table 111). 
4.6.3.5 Herb yield per plant % v < 
The value given by P30 was significantly marnmnm at all stages, except 120 
DAP, at which its value was equalled by that for P4o. The significant minimum value 
was recorded for the control (Po). The increase in herb yield due to P30 in comparison 
with the control was 18.96, 25.62, 23.00, 20.44 and 19.36 per cent at 90, 105, 120, 
135 and 150 DAP^respectively 
Among phytohormones, significant maximum value for lO'^ M Kn was 
recorded at 90, 105 and 120 DAP and for 10"^ M GA3 at 135 and 150 DAP. On the 
other hand, the value given by the water-sprayed control (Wo) was significantly 
lowe^ at all stages. The increase in herb yield due to 10 M Kn was 30.41, 34.68, 
13.56, 11.57 and 11.02 per cent, and due to 10"^ M GA3, was 24.97, 32.06, 10.45, 
11.66 and 11.55 per cent compared with the water-sprayed control at 90, 105, 120, 
135 and 150 DARrespectively. 
Regarding interactions, P40XIO' M GA3 gave significant maximum value at all 
samplings. The control (Po^ ^Wo) gave significant minimum value at all stages. 
Interaction P4oxlO'^ MGA3 gave 92.77, 101.62, 50.90, 44.81 and 45.41 per cent 
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higher value for herb yield than the control at 90, 105, 120, 135 and 150 DAP^ 
respectively (Table 112). 
4.6.3.6 Oil content 
o 
Treatment P30 gave maximum value at all samplings, except 120 DAP, at 
which its effect was equalled by that for P40. On the other hand, significant minimum 
valued)w s^ recorded for the control (Po) at all stages except 120 DAP, at which it was 
equalled by that for P20. The per cent mcrease in oil coi/ent due to P30 over the control 
was 12.50,. 13.21, 6.25, 8.47 and 8.85 per cent at 90, 105, 120, 135 and 150 DAP, 
respectively. 
Pertaining to phytohormones, the maximum value was recorded for 10" M 
GA3 at all stages, however the value was at par with that of lO'^ M Kn, lO'^ M Kn and 
lO'^ 'M Kn at 105 DAP, with that of lO'^ M Kn at 135 DAP and with those of 10"^ M Kn and 10'M Kn at 150 DAP. ^ Minimum value was recorded for the water-sprayed 
control (Wo) at all stages. The increase in oil cor^enr due to 10 M GA3 was 12.50, 
11.32, 16.13, 32.00 and 38.04 per cent, and due to 10"^ M Kn, was 8.33, 7.45, 9.68, 
30.0 and 36.97 per cent in comparison with the water-sprayed control at 90, 105, 120,' 
135 and ISODARrespectively. 
Regarding interactions, P4o><10'^ M GA3 gave maximum value at all stages but 
its effect was equal with that of PaoxlO'^ M Kn and P3o><10"'MKn at 90 and 105 DAP, 
with that of P3oxlO"^ M GA3, P3OX10''M Kn and PioxlO'^M GA3 at 120 DAP, with that 
of Pso^lO'^ M GA3 and PSQXIO'^M Kn at 135 DAP and with that of Pso^lO'^ M Kn, 
P3oxlO"^ M Kn and PsoxlO'M GA3 at 150 DAP. The effect of the control (Po^Wo) was 
loweXat all stages. The increase in oil content due to P4oXlO'^ M GA3 over the control 
was 34.88, 38.30, 35.71, 61.90 and 78.38 per cent at 90, 105, 120, 135 and 150 DAP. 
respectively (Table 113). 
4.6.3.7 Oil yield per plant 
The values recorded for all treatments of phosphorus differed significantly 
from each other at all samplings. Maximum and minimum value^w^s recorded for P30 
and the control (Po)j'espectively. The per cent increase in oil yield due to P30 over the 
control was 32.31, 48.82, 30.19, 31.82 and 27.97 per cent at 90, 105, 120, 135 and 
150 DAP> respectively. 
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With regard to phytohormones, 10"^ M GA3 gave significant maximum value 
for oil yield at all stages, except 90 DAP, at which its value was equalled by that for 
10"^ M Kn. On the other hand, lowest significant value was recorded for the 
water-sprayed control (Wo). Treatment of 10"^ M GA3 increased oil yield by 34.86, 
29.11, 26.98, 45.79 and 50.61 per cent and due to 10"^ M Kn, was 30.67, 23.67, 21.54, 
41,81 and 46,60 per cent in comparison with the control at 90, 105, 120, 135 and 150 
DAP respectively. 
Regarding interactions, P4o>«10"^ M GA3 and control (Po^Wo) gave significant 
maximum and minimum valu^respectively at all stages. The increase in oil yield due 
toP4oxlO'^MGA3 compared with the control was 113.90, 152.24, 106.14, 137.11 and 
148.61 percent at 90, 105, 120, 135 and 150 DAP respectively (Table 114). 
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Chapter 5 
DISCUSSION 
A large proportion of the population of developing countries uses traditional 
medicine these days for health care, either alone, or in combination with western 
medication. However, it is well known that the use of herbal drugs remained ignored 
for a long time by the practioners of modern medicine. Renewed interest in the wide 
use of herbal medicines by all groups of practioners during the second half of the 
twentieth century and continuing even today, has increased their demand in the 
pharmaceutical market manifold. Naturally, this has led to procurement and supply 
problems. Indiscriminate exploitation of some herbs has led even to their total 
disappearance. Many others are at the verge of extinction. The alternative to ensure 
their availability (ana^uafityxcmtfel) is to bring such rare herbs as well as others in 
great demand under cultivation in hospitable agro-climate and to subject them to 
improved scientific management practices. No doubt, these are areas to be addressed 
by researchers interested in the conservation of medicinal herbs with additional aim to 
recommend to farmers package of agro-practices that are cost-effective. Among 
medicinal plants, mint {Mentha arvensis L.) is considered as one of the most valued 
essentia! oil-bearing croo and occupies a considerable area under cultivation in India 
and abroad. Its constituents, particularly menthol, methyl acetate and menthone are 
widely used in pharmaceutical formulations and for flavouring many beverages 
(Misra et al., 2000). The crop requires regular input of N and P for sustained healthy 
growth. Any approach that could enhance top growth together with better utilization 
of N and P would be an additional benefit for me cultivation. 
Earlier researclysiV fewe shown that plant hormones particularly GAj. and Kn 
are suitable modulators of crop growth (Gupta and Dattau 2001; Khan and Samiullah, 
2003, Vyas ei a]., 2003). This led to postulate that application of GA3 and Kn could 
be exploited to help increase fohage groAvth and possibly ensure higher oil yield of 
Mentha, since a large proportion of essential oil is extracted from the foliage. 
It was, therefore, decided to carryout suitable e.xperiments designed 
statistically to GaiT3^ out the following objectives. 
1. To study the optimum requirement of soil-applied N and P for the crop. 
2 To test the efficacy of sprays of GA3 jjw Kn m enhancing the selected 
parameters of growth and yield influencing positively the physiological 
activity and improving the quality of the economically important produc^bf 
the crop. 
3. To study the effect of soil applied N or P in combination with foliar spray of 
GA3 aftd Kn on the same lines as in Experiment 1. 
5.1 Growth characteristics 
Growth is defined as quantitative change, i.e. increase in mass or length. 
Development, on the other hand, involves both quantitative and qualitative changes, 
i.e. irreversible change in cells, tissues and organs. The developmental changes, e.g. 
morphological and metabohc changes, are influenced by intrinsic and extrinsic 
factors, such as (a) supply and absorption of nutrients, which have critical importance 
in cell metaboUsm and (b) involvement of phytohormones, in the regulation of 
sink-source relationship. /10 V VO^ S^UA^^ijt-:u^vJu rnLtajTfnd i 
In Experiments 1 and 2, growth characteristics like plant height, leaf area, dry 
matter, dry weight of stem and leaf, and fresh and dry weights of underground parts of 
the plant, viz. root along^ith suckers and root length (Tables 9-13; 21-25) were noted "^ 
to be favourably affected by N and P application to the soil. The maximal response 
was observed with N90 (Plates 1 and 2) and P30 (Plates 3 and 4). The positive effects 
of N and P may be explained on the basis of the fact that N, in addition to its role in 
cell division and expansion (Gastal and Lemarie, 2002), functions as a necessary 
component in several key bio-macromolecules (Salisbury and Ross, 1992; Menghini 
et al., 1998; Taiz and Zeiger, 1998; Lawlor, 2002). Similarly, P is involved in 
controlling key enzyme reactions and in the regulation of metabolic pathways 
(Theodorou and Plaxton, 1993; Schachtman e?a/., 1998). 
The observed advantageous effect of N and P application on the growth 
characteristics of the plant parts studied are in conformity with earlier workers 
(Samiullah et al., 1988, 1990; Singh et al., 1991, 1992, 2003; Kothari and Singh, 
1995, Rastogi et al., 1997; Chuhan et al., 2000; Rai et al., 2002). 
Plate ]: Effect of soil-applied K at 0, 30, 60, 90 and 120 kg.'lia on 
aboveground morphology of Mentha arvcnsis L. at 105 
DAP 
^^ ^^ ^^ ^^ ^^ I^B^^ ^^ ^^ ^^ ^^ ^^ ^^ SIi^ ^^ ^^ ^^ ^^ ^^ B^K^ 
Control 
Meniha 
N (90) kg/ha 
Mentha 
Plate 2: Effect of soil-applied N at 90 kg/ha on underground 
morphology oiMentha an-ensis L. at 105 DAP 
Plate 3: Effect of soil-applied P at 0, 10, 20, 30 and 40 kg/ha on 
aboveground moi-phology of Mentha an>ensis L. at 105 
DAP 
Plate 4: Effect of soil-applied P at 30 kg/ha on underground 
moiphology oiMentha atyensis L. at 105 DAP 
In Experiments 3 and 4, the favourable effects of the spray of GA3 and Kn 
were noted for most of growth characteristics (Tables 33-37; 45-49). The maximum 
response was obtained with lO'^ ^M GA3 (Experiment 3; Plates 5 and 6) and 10""M Kn 
(Experiment 4; Plates 7 and 8). This may probably be due to the fact that exogenous 
application of plant growth regulators evoked the intrinsic genetic potential of the 
crop. The response to the applied concentrations of the particular hormone is due to a 
change in the subsequent chain of events that may involve other hormones or other 
factors (Moore, 1989; Taiz and Zeiger, 1998). The favourable effects of GA3 or Kn 
have been reported on growth of mentha (El-Keltawi and Crotean, 1987; Sharma et 
al., 1988; Kewalanand et al., 1998) and of artemisia (Gupta and Datta, 2001). 
In Experiment 3, plant height showed striking response to GA3 (Table 33). In 
fact, there was linear increase from 10"'' to lO'^ M GA3. This was possibly due to the 
increase in elongation of internodes as a consequence of cell division and cell wall 
extensibility (Moore, 1989; Taiz and Zeiger, 1998). Furthermore, the hormonal effect 
(GA3) was reflected in maximal increase in plant height at 150 DAP (Plate 9). This 
was because of prolonged vegetative growth due to apical dominance encouraged by 
GAa treatment. A similar observation in an allied species of Mentha (Mentha spicata) 
was observed by Singh et al. (1999). 
In Experiments 5 and 6, the plants showed more response to the interactions 
NxGA.3/Kn and P^GAs/Kn in comparison with those of their individual effect with 
regard to the growth characteristics (Tables 57-67; 86-96). The highest response for 
most of the characteristics was obtained with NgoxlO'^ M GA3 (Experiment 5; Plates 
10 and 11) and with P4oxlO"^ M GA3 (Experiment 6; Plates 12 and 13). This was due 
to the synergetic interplay of the applied nutrients and phytohormones within the 
optnnum kvq|fe. Under normal circumstances, a balanced nutrient profile helps in v/ 
maintainmg maximum growth traits. When such maximal growth occurs, the 
requirement for increased nutrient concentration signals a hormonal imbalance which 
may be compensated only by the supply of phytohormones, particularly GA3 and 
cyiokinins either directly or through increased mineral nutrition (Amzallag et al., 
1992). Similar positive effect of the interaction of mineral nutrients and grow-lh 
regulators on the growth of various other crops has been reported by other workers 
Plate 5: Effect of leaf-applied GA3 at 0, 10"^  10"' and lO^ ^M on 
abovegroimd moiphology of Mentha arvemis L. at 105 
DAP ^ 
Plate 6: Effect of leaf-applied GA3 at IO'^'M on underground 
moiphology oi Mentha ai'vensis L. at 105 DAP 
MENTHA 
rlENTMA T 
Plate 7; Effect of leaf-applied Kn at 0, 10"^  10"' and lOivl on 
aboveground moiphology of yVfew//?*:/arvem'Av L. at 105 DA? 
Plate 8 Effect of leaf-applied Kn at 10''M on underground 
morphology of Mentha arvensis L. at 105 DAP 
Plate 9: Effect of leaf-applied GA3 at 0. 10"^ 
10'\ 10"~ M on plant height of 
Mentha arvensis L. at 150 DAP 
I'late 10: Combined effect of soil-applied N at 90 kg/ha and 
leaf-applied G/-\3 at I0''^ K4 on aboveground morphology 
oiMcnilui arvcns's L. at 1C5 DAP 
Plate Ccmbmed effect of soil-applied N at 90 kg/ha and 
leaf-applied GA3 at 10"-'M on underground morphology 
of Vk'nihci arvensis L. at 105 DAP 
Mate 12 Combined effect of soil-applied P at 40 kg/ha and 
leaf-applied GA;, at 10"'\'l on aboveground morphology 
oiMi'iuha iirvcnsis L. at 105 DAP 
A ' J^,""'' 
Control 
Mentha 
P4o> 1^0"^ MGA3 
Mentha 
Plate 13 Combined effect of soil-applied P at 40 kg/ha and 
leaf-applied GA3 at 10'^ K4 on undergiotind moiphology 
of h'!enlha arvensis L. at 105 DAP 
12 
(Grewal and Kolar, 1990; Prasad and Shukla, 1991; Shinde et al., 1991; Nylor and 
Stephen, 1993; Kalita el al., 1995). The results of Experiments 1-6 reveal that almost 
all growth characteristics studied showed maximum increase at 105 days after 
planting (DAP) which declined at later stages. This might be because of the fact that 
the absorption capacity of underground part of the plant decreases as plant ages. This 
factor might have created discernible constraint at later growth stages of crop, where 
the competition for nutrients and other inputs was probably more intense. Although 
the morphology of underground part is genetically controlled (Mengel and Kirkby, 
1996), it is also influenced by the characteristics of soil and soil nutrient status. 
Data of Experiments 5 and 6 reveal that the applied nutrients, in combination 
with GA3 could not improve th6 underground parts (suckers and roots) of the plant to 
the extent exhibited by Kn combinations. The maximum response for underground 
parts was obtained with N9oxlO'^ M Kn (Experiment 5; Platel4) and P3oxlO"^ M Kn 
(Experiment 6; PlatelS). The reason for this may be that GA3 (probably as a 
consequence of its marked influence on stem elongation) accelerated mobilization of 
photosynthetates from leaves to stem on priority basis. This might have limited the 
carbohydrate supply to the subterranean plant parts. However, stimulation of shoot 
growth due to GA3 was flirther accelerated by the apphcation of nutrients. 
5.2 Physiological characteristics ^"Tka^ 
The biomass accumulation in crop relies on intertegulation of multiple '^ 
physiological processes. To regulate these processes efficiently, crop needs adequate ^ 
supply of resources. Sufficient supply of nutrients stim.ulates leaf growth and 
photosynthesis (Lawlor, 2002). It is well known fact that prolific amount of growth 
can be achieved by maximizing photosynthesis (Baruch and Goldstein, 1999; Durand 
and Goldstein, 2001; McDowell, 2002). However, higher photo synthetic rates can be 
achieved by maximizing biochemical capacity (McDowell, 2002). Moreover, large 
amount of chlorophyll per unit area needed to'^ Capture energyMficientiwused in 
photosynthesis (Lawlor, 2002). Therefore, h is thought appropriate to^^a&mjThasis \/ 
on some photosynthetic characteristics for present experiments (1-6). 
K ^ 
N90>:10'^N4GA3 
Mentha Mentha 
I^^VS^^H 
Plate 14; Comparison of the effect of N y^^ -10 M Kn and 
N9o^ lO"^ M GA3 on underground moiphology oi Mentha 
arvemis L. at 105 DAP 
Plate 15: Comparison of the effect of P^o'lOM Kn and 
p4( • 10"'M GA3 0:1 underground moiphology oi Mentha 
arvensis L^  at 105 DAP 
5.2.1 Pliotosynthetic characteristics 
Plants constantly seek nutrients in their environment and modulate their 
metabolic activities as well as development so as to adapt efficiently to the nutritional 
status. The role of nitrogen is intimately related with photosynthesis (Lawlor, 2002). 
Similarly, inorganic phosphate (Pj) incorporated in the end products of photosynthesis 
needs to be recycled to the reactions of photosynthesis, in particular, phosphorylation 
which is very sensitive to Pi concentrations (Quick and Mills, 1988) in order to sustain 
photosynthesis (Paul and Foyer, 2001). Also, a positive correlation has been reported 
between N and chlorophyll content (Evans and Therashima, 1988; Menghini et al., 
1998). In addition to that mcrease in chlorophyll content is known to be responsible 
for an increase in the photosynthetic rate. Further, it has been reported that N-
fertilization has a direct effect on thylakoids and grana formation (Menghini et al., 
1998). Manipulation of P; supply to chloroplast directly or to Pj-sequestering 
compounds has shown that photosynthesis is inhibited if the Pi concentration of the 
chloroplast were eitherj^w or too high (Cockburn et al., 1967; Herold, 1980). The 
results of Experiments 1 and 2 (Tables 14-15; 26-27) reveal that appUed nutrients (N 
and P) resulted in significantly advantageous response for all characteristics related to 
photosynthesis such as photosynthetic rate, stomatal conductance, photosynthetic 
water-use efficiency, chlorophyll content and chlorophyll harvest. The optimum 
A 
response shown by these characteristics was found for N90 (Experiment 1) and P30 
(Experiment 2). Moreover, foliar sprays of GA3 (Experiment 3) and Kn (Experiment 
4) also affected positively to these attributes studied (Tables 38-39; 50-51). Maximal 
response was obtained in the treatment containing 10"'*M GA3 (Experiment 3) and 
lO'^ M Kn (Experiment 4). 
The increase in photosynthetic rate due to GA3 may be due to an increase in 
cyclic and non-cyclic phosphorylation (Naindu and Swamy, 1995). The role of Kn 
might be attributed to the involvement of cytokinins in general as they stimulate the 
synthesis of RUBISCO, small subunits (Lerbs et al, 1984; Ohya and Suzuki, 1991) 
and photosystem 1 (Toyama et al., 1996) as also Kn stimulates the development of 
sun-type chloroplasts (Lichtenthaler and Burkart, 1999), a coordination among these 
factors, therefore cordially might have increased photosynthesis. Moreover, 
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favourable effects of phytohormones particularly GA3 or Kn have also been reported 
on photosynthesis and stomatal conductance (Naindu and Swamy, 1995; Pandey ei 
al., 2001), photosynthetic water use efficiency (Pandey et al., 2001) and chlorophyll 
content (Singh and Hippalgaonkar, 1993; Naindu and Swamy, 1995; Singh and Misra, 
2001). 
Let us now consider the last two experiments which were performed to record 
the interaction effect between soil applied nutrients and leaf-applied phytohormones. 
In Experiment 5, the maximum value was given by N9oXlO'^ M GA3 (Tables 68-72), 
and in Experiment 6, by P4oxlO"^ M GA3 (Tables 97-101) for most of photosynthetic 
characteristics studied. The recorded data of Experiments ^1-6^reveal that the y/ 
photosynthetic rate increased with increase in stomatal conductance that could be 
attributed to enhanced photosynthetic water-use efficiency (Tables 15, 27, 39, 51, 70-
A 
72, 99-101). 
The statement may be more appropriately made to emphasize the other way 
relationship. It may be argued with equal importance that the increase in 
photosynthesis might be responsible for increase in stomatal conductance as both are 
interdependent (Wong et al., 1979; Faville et al., 1999). Similarly, these 
photosynthetic traits cumulatively improved the photosynthetic water-use efficiency " 
(Das et al., 1999) leading to the production of additional photoassimilates. The 
increase in all these photosynthetic activities may be attributed to the positive effect 
of sufficienef devet of applied nutrients and phytohormones as well as the synergetic 
interplay of these two factors within optimum limits. This finding ^ t s support #eiiT 
strong positive correlations (Tables 135-139; 140-144). It may be safely concluded 
that the increase in stomatal conductance, chlorophyll content and net photosynthetic 
rate resulted in improved performance of the crop. Such an effect has also been 
reported on various crops by Field (1983), DeJong and Doyle (1985), Evan and 
Terashima (1988), Huber et al. (1989), Liu and Dickman (1992) and Khan et al. 
(2000). 
In the present study one more attribute (chlorophyll harvest) was noted to be 
positively linked to the interprogrammed association of stomatal conductance, 
chlorophyll content, photosynthetic rate with concomitant increase in photosynthetic 
v^ 
waternise efficiency (Tables 14-15; 26-27; 38-39; 50-54; 68-72; 97-101). This could 
also account for the observed improvement in the performance of crop. 
The observed changes and interrelationship of these characteristics which 
were caused due to application of N or P, GA3 and Kn separately or in combination is 
being reported here for first time/in Mentha^ 
5.2.2 Nutrient contents 
The nutrient status of a crop is one of the most important attribute employed to 
assess the uptake of nutrients and their availability in the soil (Jeschke et al., 1992; 
Nkoa et. a/., 2001; Gastal and Lemarie, 2002; Jeuffroy et a/.., 2002). Moreover, when 
added to soil in accordance with need of the crop, nutrients present in the applied 
fertilizers improve the quality and quantity of the crop. These^n fact, are criteria used 
to assess the efficiency of the fertilizers used for the crop. In Experiments 1 and 2, the 
N and P concentration in plants enhanced linearly with the applied doses of N and P 
upto N90 and PsoJespectively (Tables 16, 28). That the supply of nutrients enhanced 
their concentration in the plants is also in accordance with the findings of previous 
workers (Corntortill and Steele, 1981; Pandrangi et al, 1990; Helapyati and 
Sheelavantar, 1992; Naik et al., 1993; Kalita et al, 1995; Belanger and Richards, 
1999; Madakadze etal, 1999; Nehra etal, 2001). 
5.2.3 Nutrient uptake 
The pattern of nutrient uptake of a crop is highly variable criterion during its 
development and is largely influenced by the extent of supply and demand of the 
crop. Naturally crop metabolism plays the most important role here (Schachtman et 
al., 1998; Gastal and Lemarie, 2002). 
In the present set of experiments (1-6), the uptake of NPK was favourably 
affected by the supply of N and P in Experiments 1 and 2 (Tables 17, 29), by foliar 
spray of GA3 and Kn in Experiments 3 and 4 (Tables 41, 53) and by the combination 
of the applied nutrients and phytohormones in Experiments 5 and 6 (Tables 76-78; 
105-107). Maximum uptake was noted in treatments N90 (Experiment 1), P30 
(Experiment 2), 10"'^ M GA3 (Experiment 3), 10"^ M Kn (Experiment 4), N9oxlO"^ M 
GA3 (Experiment 5) and P4oXlO"^ M GA3 (Experiment 6). Therefore, it can be 
envisaged that the uptake pattern of NPK might have resulted from their involvement 
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in the metabolism of the plant in general that would modulate its photosynthetic 
machinery, and through it, diy matter accumulation. This fmding gets support from 
the positive con-elation noted between dry matter and uptake of NPK (Tables 115-
144). hi all the experiments (1-6), the period of maximum increase in NPK uptake 
coincided with the period of maximum increase in dry matter accumulation, i.e. 105 
DAP of crop growth. This implies that the treated plants were able to receive adequate 
amount of nutrients at the right time in accordance with their requirement, which 
might have contributed to the maximum accumulation of reserve food in plants. 
In Experiment 1, the maximum increase in N uptake was reflected at 150 
DAP. A plausible explanation for this observation may be that N was presumably 
stored and, therefore, rendered metabolically inactive in the form of proteins (Pate et 
al, 1979; Heilmeier and Monson, 1994; Lawlor, 2002) at the early stage of crop 
grovv1;h. The stored proteins might have amnydrolysed and translocated subsequently 
via phloem at later stages of crop development. 
The results of Experiments 3 and V reveal that the uptake pattern of K was 
more pronounced than that of N and P. This implies that, as far as uptake is 
concerned, K is a strong competitor with the other cation species (Mengel and Kirkby, 
1996), |he extreme mobility of K throughout entire plant may be facilitated by the 
unhindered permeability of membranes to it (Salisbur}' and Ross, 1992). Increase in 
nutrient uptake in plants other man nientha (me to nutrient supply has been reported 
earlier (Kamprath, 1987; ETCo\[et~ar^\996; Schachtman et al., 1998; Gastal and 
Lemarie, 2002; Lawlor, 2002; Nehra et al., 2001). Moreover, favourable effect of 
phytohormones on nutrient uptake has been observed by earlier workers (Guardia and 
Benlloch, 1980; Simpson et al., 1982; Dhakal and Erdei, 1986; Nylor and Stephen, 
1993). 
In the present study (Experiments 1-6), it has also been observed that the per 
cent increase for most of physiological characteristics studied showed a decreasing 
trendafter 105 DAP growth stage. This was possibly due to the decreasing density of 
photosynthetic pigments (chlorophylls) and enzymes per unit leaf area as the plant 
advances in age (Hesketh et al., 1981; Bhagsari and Brown, 1986; Davies et al., 
1987). 
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5.3 Yield characteristics 
Yield is the manifestation of several complex morphological and physiological 
attributes of the crop. In some vegetable crops and forage, the vegetative parts of the 
crop are important for economic yield. This applies amply to Mentha arvensis L. In 
the experiments under discussion (Experiments 1-6), leaf fresh weight, stem fresh 
weight, leaf number and branch number were selected as yield parameters in addition 
to herb and oil yield. The results (Tables 18-20; 30-32; 42-44; 54-56; 79-85; 108-114) 
revealed that increased shoot length provide better opportunities for enhanced leaf 
production, branch number, leaf yield and stem yield which positively contributed 
towards herb yield. The most suitable treatments (N90 in Experiment 1 and P30 in 
Experiment 2, 10"^ M GA3 in Experiment 3, lO'^ M Kn in Experiment 4, N9o=<10'^ M 
GA3 in Experiment 5 and P4o><10'^ M GA3 in Experiment 6) showed maximal positive 
response with regard to most yield characteristics. The enhancement was due to 
developmental changes, which might have been internally better programmed as a 
result of the treatments. These include modulation of photosynthesis and source-sink 
relationships as also partitioning and distribution of assimilates within Umits which 
were finally manifested in yield attributes and oil yield. 
Since leaves constitute main part in oil biogenesis and accumulation in mentha 
(Farooqi et al., 1999).-Tbei^fbf©;-enhanced leaf number area and mass would be 
expected to contribute efficiciitly mor^-te oil production. This is actually the case in 
present study. This observation ^ ^ support jFem strong positive correlation between 
leaf parameters and oil yield (Tables 115-144). ^^ 
The favourable effect of N and P on oil yielp of mentha species has been 
reported by Patra et al. (1998), Ali et al. (1999), ChuharTefoTrt^OOO), Kothari and 
Singh (2000). Moreover, involvement of phytohormones in enhancing essential oil 
yield of various crops has also been reported by earlier workers (Eid and Ahmad, 
1976; El-Keltawi and Crouteau, 1986, 1987; Sharma et al., 1988; Singh and 
Hippalgaonkar, 1993; Bhaskar e/a/., 1997). 
The accelerated interaction effect of mineral nutrients and phjliohormones 
(NxGAs/Kn or PxGAs/Kn) on essential oil content and yield in comparison to their 
individual effect might be due to synergetic impact of both inputs. It is noteworthy 
that this aspect of the research in the field of plant physiology has not been reported 
earlier. 
The essential oil biosynthesis is an integration of several metabolic pathways 
which require association of several metabolic steps including continuous production 
of precursors as also their transport and translocation to the active site of synthesis. 
Any disruption in normal metabolic pathways affects the sequence of steps in oil 
biosynthesis. Thus a plant may adjust its metabolic pathway in response to various 
factors, including nutrient and phytohormone application (Singh et al., 1999). 
In present study, the oil content has been noted to be amcnomted by the 
application of N and P. The maximum response was obtained with N90 in Experiment 
1 (Table 20) and P30 in Experiment 2 (Table 32). The oil content of the crop being 
positively influenced by the supply of nutrients is in agreement with the finding of 
earlier workers (Sudhendra et al., 1993; Rastogi et al, 1997; Ali et al, 1999; Rao and 
Shaktwal, 2001). 
In Experiments 3 and 4, foliar spray of GA3 and Kn also favourably affected 
the oil content of the crop. Maximum oil content was obtained with 10"^ M GA3 in 
Experiment 3 (Table 44) and lO'^ M Kn in Experiment 4 (Table 56). The positive 
influence of phytohormones on essential oil accumulation has also been reported by 
other research workers (El-Keltawi and Croteau, 1986, 1987; Umesha et al, 1991; 
Vasundhara et al, 1992; Singh and Hippalgaonkar, 1993; Bhaskar et al, 1997; 
Kewalanad elal, 1998). .^  ^Data of Experiments 5 and 6 reveal that apphcation of 
N and P in combination with foliar sprays of GA3 or Kn had profound effect on oil 
accumulation. Maximum value was recorded for Ngo l^O'^ M GA3 in Experiment 5 
(Table 84) and P4oxlO'^ M GA3 in Experiment 6 (Table 113). 
The increase in oil accumulation might be due to increase in photosynthesis 
because production of photosynthetates and factors affecting photosynthesis are 
important determinants of oil and its composition (Srivastava and Sharma, 1991). 
Moreover, photosynthetic characteristics, among other factors, are at the centre stage 
in making carbon shareable and separable for anabolism of oil components (Sangwan 
e/a/., 2001). 
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5.4 Conclusions 
Keeping all results in view, the performance oflMentha/crop particularly 
{Mentha arvensis L.) was studied for the first time under agro-climates of Aligarh, 
Western Uttar Pradesh and it was found that:-
1. The crop flourishes well, the most appropriate stage for crop harvesting was found 
at 105 days after planting (DAP). 
2. The crop responded well to individual application of soil-applied N at 90kg/ha and 
P at 30kg/ha. 
3. Individual effect of leaf-applied GA3 and Kn, each at 10"^ M proved best for most 
characters studied. 
4. Combined application of soil-applied 90kg N/ha and leaf-applied GA3 at lO'^ M 
proved more effective particularly for above the ground parts than their individual 
application. 
5. The better performance of the crop particularly aboveground morphology was 
observed when crop was grown with soil-applied P at 40 kg/ha supplemented with 
leaf-applied GA3 at 10"^ M. 
6. Combination of soil-applied 90 kg N/ha and leaf-applied lO'^ 'M Kn proved best 
for underground parts of the crop. 
7. The underground morphology of the crop was also more favourably affected by 
the application of soil-applied 30kg P/ha supplemented with leaf-applied lO'^ 'M 
Kn. 
5.5 Future Prospects 
The aspects lie in future research is to study and understand the following 
problems. 
1. To study the combined effect of leaf-applied nutrients and phjiiohormones on 
commercially field grown crop. 
2. The endogenous concentrations of phytohorraones particularly, GA3 and kinetin 
will be studied. 
3. Development morphology of essential oil secretory glands which are genetically 
fixed in leaves will be envisaged. 
4. Enzymes involved in essential oil synthesis will be assayed. 
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Chapter 6 
SUMMARY 
The present thesis entitled "Studies on physiomorphological response of 
Mentha arvemis L. to nitrogen, phosphorus, gibbereliic acid and kinetin apphcation" 
comprises six chapters. 
In Chapter 1 (Introduction), the importance of the problem and the lacunae in 
earlier attempts to solve it together with justification for selecting it have been put 
forward. 
Chapter 2 (Review of Literature) comprises compilation of relevant available 
literature pertaining to individual as well as interaction effect of nitrogen (N) and 
phosphorus (P) with gibbereliic acid (GA3) and kinetin (Kn) on the growth and 
development of the crop. 
Chapter 3 (Materials and Methods) deals with the details of the material used 
and the technique employed for six pot experiments conducted alongwith relevant 
information on meteorological and edaphic data. 
Chapter 4 (Results) deals with detailed data regarding the response of the crop 
to the treatments calculated at p<0.05. 
Chapter 5 (Discussion) includes a critical assessment of the significant resuhs 
in the context of earlier findings and the more salient points are summarised below. 
Experiment 1 (20'" February to 15" July, 2000) was conducted according to 
simple randomised design to study the effect of application of nitrogen on Mentha 
arvensis L. with regard to (i) growth (plant height, root length, leaf area, leaf area 
ratio, specific leaf area, leaf dry weight, specific leaf weight, stem dry weight, 
aboveground plant dry weight, underground plant fresh and dry weight), (ii) 
physiology on the basis of chlorophyll content, chlorophyll harvest, photosynthetic 
rate, stomatal conductance, photosynthetic water use efficiency, nutrient (NPK) 
content and nutrient (NPK) uptake, (iii) yield characteristics, such as leaf number, 
branch number, leaf yield, stem yield, herb yield, oil content and oil yield. Nitrogen 
was applied at 0, 30, 60, 90 and 120kg N/ha at 70 days after planting (DAP), and data 
on different characteristics were recorded at 90, 105, 120, 135 and 150 DAP. 
Application of 90kg N/ha proved best among the doses of nitrogen tested for almost 
all growth, physiological and yield characteristics. The maximum per cept increase in 
almost all growth, physiological and yield characteristics studied was observed at 105 
DAP. At this stage, an increase of 79, 23 and 46 per cent in leaf area, specific leaf 
area and herb yield respectively was noted because of application of 90kg N/ha. 
Experiment 2 (20''^  February to 15'" July, 2000) was conducted according to 
simple randomized design. The aim of this experiment was to find out a suitable dose 
of phosphorus for optimum response of Mentha arvensis L. The applied doses of 
phosphorus at 70 DAP were 0, 10, 20, 30 and 40kg P/ha. The parameters and timings 
of sampling were those mentioned in Experiment 1. The dose of 30kg P/ha gave best 
in enhancing the characteristics studied in other doses. The maximum per cent 
increase in almost all growth, physiological and yield characteristics was observed at 
105 DAP. At this stage, an increase of 92, 52 and 66 per cent in leaf area, specific leaf 
area and herb yield respectively caused by 30kg P/ha. 
Experiment 3 (20 '^' February to 15^ July, 2000) was conducted according to 
simple randomized design to determine the effects of foliar spray of gibberellic acid 
(GA3) at 70 DAP on Mentha arvensis L. The GA3 treatments were IO'^'M, lO'^ M, 
10"^ M and water spray as control (Wo). The parameters and stages of sampling were 
the same as in Experiment 1 and 2. Among GA3 treatments, IO'^'M proved best for 
most growth, physiological and yield characteristics. Maximum per cent increase for 
most parameters recorded at 105 DAP. An increase in leaf area and herb yield 
generated by 10"'*M GA3 was 26 and 50 per cent respectively. 
Experiment 4 (20'*^  February to 15"^  July, 2000) was conducted according to 
simple randomized design to assess the effect of foliar spray of kinetin treatments at a 
concentration of 10"^ M, 10"^ M, 10"'*M and water spray as control (Wo). The spray of 
kinetin (Kn) was done at 70 DAP. The growth, physiological and yield characteristics 
and stages of sampling were the same as in pervious experiments. 
Among Kn treatments, 10" M proved best for all the characteristics studied. 
Like in other experiments, maximum per cent increase for most parameters was noted 
at 105 DAP. At this stage, an increase of 59, 24 and 66 per cent in leaf area, specific 
leaf area and herb yield respectively resulted from application of lO'^ M Kn. 
122 
Experiment 5 (20"" February to 15 '^ July, 2001) was conducted to study the 
interaction effect of soil-applied nitrogen and leaf-applied gibberellic acid (GA3) or 
kinetin (Kn). The applied rates of nitrogen (selected on the basis of Experiment 1) 
were 0, 60, 90 and 120kg N/ha. Gibberellic acid treatments (selected on the basis of 
Experiment 3) were 10"^ M and 10'' 'M and kinetin treatments (selected on the basis of 
Experiment 4) were lO'^ M and lO'^ M. Water spray (Wo) was taken as control. The 
soil and foliar treatments were given at 70 DAP. The characteristics and stages of 
sampling were the same as those studied in earlier experiments. Application of 90kg 
N/ha and lO'^ GAs alone proved best for almost all characteristics studied. Interaction 
of 90kg N/ha x lO'^ M GA3 proved superior for above ground plant characteristics. 
However, for underground plant characteristics the interaction N90 x 10"^ M Kn proved 
best. In this experiment also, maximum per cent increase for most parameters was 
recorded at 105 DAP. An increase in leaf area and herb yield generated by 90kg N/ha 
X 10"^ M GA3 was 221 and 117 per cent respectively at 105 DAP. 
Experiment 6 (20* February to 15* July, 2001) was conducted to assess the 
interaction effect of soil-applied phosphorus and fohar spray of gibberellic acid (GA3) 
and kinetin (Kn) on performance of Mentha arvensis L. The applied rates of 
phosphorus (selected on the basis of Experiment 2) were 0, 20, 30 and 40kg P/ha. 
Gibberelic acid treatments (selected on the basis of Experiment 3) were 10"^ M and 
10"''M and kinetin treatments (selected on the basis of Experiment 4) were lO'^ M and 
lO'^ M. Water spray (Wo) was taken as control. The soil and foliar treatments were 
apphed at 70 DAP. The characteristics and samphng timings were the same as in 
earlier experiments. Application of 30kg P/ha and 10" M GA3 alone gave best results. 
Interaction 30kg P/ha x 10"^ M GA3 prove best for above ground plant characteristics, 
while P30 X 10"^ M Kn for underground plant characteristics. Like other experiments, 
maximum per cent increase for most parameters v/as noted at 105 DAP. Application 
of 40kg P/ha x lO^ ^M GA3 gave 185 and 100% higher leaf area and herb yield 
respectively at 105 DAP. 
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APPENDIX 
APPENDIX 
Preparation of Reagents 
The reagents for N, P and K determination were prepared according to the 
following methodology 
Reagents for N, P and K determination 
1. Nessler's reagent 
3.5 mg of potassium iodide were dissolved in 100 ml of distilled water in 
which 4 per cent mercuric chloride solution was added with stirring until a slide red 
precipitate remained. Therefore, 120 g of sodium hydroxide with 250 ml of distilled 
water added. The volume was made upto one litre with distilled water. The mixture 
was decanted and kept in an amber-coloured bottle. 
2. Molybdic acid reagent (2.5%) 
1.25 mg of ammonium molybdate were dissolved in 175 ml of distilled water 
in which 75 ml of 10 N sulphuric acid were added. 
3. Aminonapthol sulphuric acid 
0.5 mg of l-amino-2-napthol-4-sulphonic acid were dissolved in 195 ml of 15 
per cent sodium bisulphate solution to which 5 ml of 20 per cent of sodium sulphate 
solution was added. 
